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CHAPTER 1 

INTRODUCTION 

In 1972 we began studying the riparian vegetation of the lower Colorado 
River and the vertebrate species associated with it. At that time, the 
ultimate purpose was to acquire the capacity to recommend ways in which 
the vegetation could be managed so that three objectives could be 
realized: (1) reduced water loss caused by evapotranspiration, (2) 
reduced total vegetation at heights of 4 to 6 ft in the floodplain so 
that flood flows could pass unhindered by the damming effect of dense 
vegetation, and (3) explore the economic and technical feasibility of 
revegetating areas. Ultimately these objectives had to be blended with 
wildlife enhancement. 

Initially it seemed that wildlife enhancement was mutually exclusive of 
the removal of vegetation to reduce evapotranspiration losses and to 
permit free passage of flood waters. But because the exotic salt cedar 
is the dominant riparian vegetation, has dense foliage at lower levels, 
which significantly impedes flood flows, has a potential for large water 
losses due to evapotranspiration, and does not have high wildlife use 
values, it is a good candidate for replacement. Native plants, such as 
quail bush, honey mesquite, and palo verde, all having evolved various 
adaptations for water conservation, could conceivably use less water per 
unit area than does salt cedar. Some of these native plant species 
support much higher densities and number of species of wildlife than 
does salt cedar. Water salvage and increased flood flow could be 
acquired in two ways: replace salt cedar with native plant species that 
have lower evapotranspiration rates, and in the replacement process, 
design reduced total foliage volumes to curtail water loss. Passage of 
flood flows could be achieved by removing dense stands of salt cedar in 
the floodplain and replacing these with plant species that have little 
vegetation at the 0 to 6-ft level. Although native tree species, such 
as cottonwood and willow, formerly the numerically dominant vegetation 
in the valley (Ohmart et al. 1977), have high evapotranspiration rates, 
they are so attractive to wildlife that a smaller total volume of these 
species would be needed to replace salt cedar. Thus wildlife enhance- 
ment, water salvage, and unimpeded flood flows would be accomplished. 

This report specifically relates to the analysis and conclusions of the 
major data sets that we have collected over the life of the Vegetation 
Management Study. Other reports should be consulted for detailed 
information on directly related subjects dealing with the plant 
community and structural types along the river and.wildlife use values 
of these various communities. For example, all natural riparian 
vegetation from Davis Dam south to the Mexican Boundary has been mapped 
and classified as to community and structural type (Anderson and Ohmart 
1976). Densities and number of species of birds and small mammals in 
these various communities on a seasonal basis over a number of years is 
also available (Anderson and Ohmart 1977). The herpetofauna found along 
the lower Colorado River, along with past specimens collected in the 
area, has been reported (Vitt and Ohmart 1978). Changes in wildlife 
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numbers dur ing t h e  convers ion  of n a t u r a l  h a b i t a t s  t o  a g r i c u l t u r a l  
s e t t i n g s  and t h e  importance of edge between t h e s e  two ecosystems has  
been documented (Anderson and Ohmart 1982).  And l a s t l y ,  t h e  s u c c e s s  i n  
conver t ing  s a l t  cedar  communities t o  more p r o d u c t i v e  w i l d l i f e  h a b i t a t s  
and r e v e g e t a t i n g  b a r r e n  d redge-spo i l  a r e a s  a long w i t h  c o s t s  a r e  w e l l  
documented (Anderson and Ohmart 1982).  Th i s  r e p o r t  s t a n d s  a l o n e  a s  a n  
a n a l y s i s  of d a t a  concerning a  number of major  t o p i c s  i n  t h e  Vege ta t ion  
Management Study. It a l s o  p rov ides  a  b a s i c  d a t a  f o u n d a t i o n  and should 
h e l p  t h e  r e a d e r  t o  b e t t e r  unders tand our  e f f o r t s  t o  meet t h e  t h r e e  
i n i t i a l  o b j e c t i v e s .  The o t h e r  r e p o r t s  can be r e f e r r e d  t o  i n  o r d e r  t o  
b r i n g  t h e  t o t a l  accomplishments i n t o  f o c u s .  

Some people  have ques t ioned  and c r i t i c i z e d  our approach r e l a t i v e  t o  t h e  
emphasis t h a t  we have p laced  on b i r d s  and v e g e t a t i o n  a s  e c o l o g i c a l  
i n d i c a t o r s  of environmental  h e a l t h .  Th i s  was no t  planned nor  in tended  
i n  our i n i t i a l  e f f o r t s ,  b u t  a s  t h e  s t u d y  p rogressed  and a s  our  knowledge 
of t h e  ecosystem i n c r e a s e d  i t  became q u i t e  apparen t  t h a t  b i r d s  and t h e  
v e g e t a t i o n  would be t h e  major d a t a  s e t  w i t h  smal l  mammsls and herps  
p lay ing  l e s s e r  r o l e s .  Our r e v e g e t a t i o n  e f f o r t s  suppor ted t h i s  
assumption i n  t h a t  by f u l f i l l i n g  t h e  h a b i t a t  r equ i rements  of a  l a r g e  
number of s p e c i e s  of b i r d s  t h e  needs of numerous s p e c i e s  of smal l  
mammals, d e e r ,  c o y o t e s ,  r a b b i t s ,  and herps  were a l s o  addressed ;  they  
were p r e s e n t  on t h e  r e v e g e t a t e d  a r e a s  i n  h igh  numbers (Anderson and 
Ohmart 1982, pe rs .  obs . )  B i r d s  a r e  so  important  a  group t h a t  they  
obviously  cannot be e l i m i n a t e d  from d e t a i l e d  c o n s i d e r a t i o n .  Expense and 
d u r a t i o n  of e f f o r t  r e q u i r e d  t o  s tudy  a11  s p e c i e s  o r  s p e c i e s  groups  
( i n s e c t s ,  h e r p s ,  d e e r ,  skunks,  c o y o t e s ,  e t c . )  c l e a r l y  made an  in-depth 
s tudy  of t h e s e  s p e c i e s  o r  groups of s p e c i e s  i m p r a c t i c a l  o r  imposs ib le .  
However. s i n c e  b i r d  d e n s i t i e s  and d i v e r s i t i e s  can be used t o  i n d i c a t e  
t h e  g e n e r a l  h e a l t h  of t h e  n a t i v e  r i p a r i a n  v e g e t a t i o n  we f e e l  c o n f i d e n t  
t h a t  i f  management f o r  b i r d s  i s  adequate  one can be reasonab ly  c o n f i d e n t  
t h a t  s p e c i e s  i n  o t h e r  animal groups w i l l  a l s o  be p r e s e n t  i n  reasonab ly  
good numbers. Th i s  assumption i s  b o l s t e r e d  by d a t a  f o r  n o c t u r a l  r o d e n t s  
and c o y o t e s ,  d e t a i l e d  i n  Chapters  10-12 i n  t h i s  r e p o r t ,  p e r s o n a l  
o b s e r v a t i o n  and copious  n o t e s  made by v a r i o u s  s t a f f  members over  t h e  
p a s t  decade,  and by d a t a  and o b s e r v a t i o n s  on our r e v e g e t a t i o n  s i t e s  
(Anderson and Ohmart 1982). 

In  Tab le  1-1 we l i s t  t h e  g e n e r a l  problems i n  a s s e s s i n g  each of t h e  t h r e e  
v e r t e b r a t e  groups.  Granted t h e r e  a r e  s p e c i f i c  problems w i t h  d i f f e r e n t  
s p e c i e s  i n  each group,  b u t  t h e s e  broad g e n e r a l i z a t i o n s  hold  f o r  each 
group. Unquest ionably ,  s p e c i a l  a t t e n t i o n  should be g iven  t o  any s p e c i e s  
i n  e i t h e r  of t h e  t h r e e  groups i f  i t  i s  l i s t e d  a s  endangered by e i t h e r  
f e d e r a l  o r  s t a t e  agenc ies .  

Snakes and l i z a r d s  might approach t h e  importance of b i r d s  i n  a s s e s s i n g  
p l a n t  community h e a l t h  s i t u a t i o n s  excep t  f o r  t h r e e  reasons :  (1 )  t h e y  
a r e  h i g h l y  c a p r i c i o u s  and may no t  appear  f o r  any r e a s o n a b l e  l e n g t h  of 
time o r  even f o r  a  y e a r  o r  more u n l e s s  c l i m a t e  i s  f a v o r a b l e ;  ( 2 )  t h e y  
a r e  c r y p t i c a l l y  c o l o r e d ,  which makes them d i f f i c u l t  t o  d e t e c t  i n  t h e  
f i e l d ,  and they  o f f e r  v i r t u a l l y  no v o c a l i z a t i o n s  a s  an a i d  i n  census  
d e t e c t i o n ;  and ( 3 )  because they  a r e  h e t e r o t h e r m i c ,  p o r t i o n s  of t h e  
p o p u l a t i o n  may n o t  s u r f a c e  i n  poor y e a r s ,  making h a b i t a t  p e r t u r b a t i o n  
assessments  even more p rob lemat ica l .  
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Table 1-1. General characteristics associated with assessing the status 
of terrestrial vertebrates. 

Life history parameters 
related to censusing Birds Small mammals Herpetofauna 

Activity patterns Primarily 
diurnal 

Aids in censusing Fly, may be 
brightly 
colored and 
are vocal 

Movement Residents and 
migrants 

Annual behavior Residents and 
migrants 

Census methods Sight and 
auditory 

Ease of censusing Good to 
excellent 

Availability to census Good to 
excellent 

Response to major Within weeks 
habitat perturbations 

Primarily 
nocturnal 

Cryptic and 
nonvocal 

Local 

Aestivate and 
hibernate 

Snap-trap or 
live- t rap 

Questionable 

Capricious 

May take 
months and 
possibly up 
to a year 

Primarily 
diurnal 

Cryptic and 
nonvocal 

Local 

Hibernate 

Can-trap or 
sight 

Questionable 

Highly 
capricious 

Within weeks 
but could 
be extended 
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Small mammals a r e  t h e  most u n r e l i a b l e  of t h e  t h r e e  groups  r e l a t i v e  t o  
a s s e s s i n g  popula t ion  responses  t o  major p l a n t  community change. Because 
s m a l l  mammals a r e  p r i m a r i l y  n o c t u r n a l ,  c o s t  e f f e c t i v e  census  methods 
t h a t  can be used a r e  few i n  number. Combined w i t h  t h i s  problem i s  t h e  
q u e s t i o n  of how each s p e c i e s  responds t o  t h e  type  of b a i t  ( u s u a l l y  a  
mix ture  of peanut b u t t e r  and oatmeal)  used i n  t h e  t r a p p i n g  e f f o r t .  Are 
a l l  s p e c i e s  e q u a l l y  a t t r a c t e d  t o  t h i s  type  of b a i t  throughout  t h e  y e a r  
and does t h e  a v a i l a b i l i t y  of n a t u r a l  foods  overpower t h e  t e m p t a t i o n  t o  
e a t  oatmeal and peanut b u t t e r ?  The answer i s  probably  no t o  t h e  f i r s t  
q u e s t i o n  and yes  t o  t h e  second,  b u t  even more f r u s t r a t i n g  i s ,  how do you 
c o l l e c t  r e l i a b l e  d a t a  s e t s  t o  suppor t  e i t h e r  response?  This  major 
problem, combined w i t h  e s t i v a t i o n  and h i b e r n a t i o n  i n  some s p e c i e s ,  an  
a p p a r e n t l y  low response  of smal l  mammals t o  p e r e n n i a l  p l a n t  community 
s t r u c t u r e  and s p e c i e s  composi t ion,  t h e  s t r o n g  r e l a t i o n s h i p  of some 
s p e c i e s  t o  s o i l  t e x t u r e  and s t r u c t u r e  and coupled w i t h  t h e  many 
unanswered q u e s t i o n s  invo lv ing  b e h a v i o r a l  and c y c l i c a l  r esponses  makes 
smal l  mammals poor i n t e r p r e t a t i v e  i n d i c a t o r s  of man-caused h a b i t a t  
changes.  C e r t a i n l y  a  major f a c t o r  of concern i s  t h e  t ime l a g  between 
h a b i t a t  change and t h e  smal l  mammal community i n  reach ing  a  new 
e q u i l i b r i u m .  

I n  s t u d i e s  of roden t  communities i n  r e c e n t l y  c l e a r e d  a r e a s  a long  t h e  
lower Colorado R i v e r ,  we have observed a  l a g  p e r i o d  of a t  l e a s t  two 
months be fore  a  n o t i c e a b l e  d i f f e r e n c e  i n  t r a p p i n g  response i s  a p p a r e n t .  
A f t e r  10 months, popu la t ions  of some s p e c i e s  appear  t o  have reached 
lowest  d e n s i t i e s  and a r e  p o s s i b l y  beg inn ing  t o  s t a b i l i z e .  Others  a r e  
con t inu ing  t o  d e c l i n e .  How does  one a s s e s s  m i t i g a t i o n  f o r  t h e s e  l o s s e s  
wi thou t  5 t o  10 y e a r s  of m o n i t o r i n g ,  and more i m p o r t a n t ,  how do we 
m i t i g a t e ,  s i n c e  many of t h e  h a b i t a t  needs  of smal l  mammals remain 
unreso lved?  Some r e s e a r c h e r s  have advocated l i v e  t r a p p i n g  a s  an  
approach,  bu t  we a r e  s t i l l  faced  w i t h  most of t h e  above problems and 
w i t h  added c o s t s  and o t h e r  problems n o t  i n h e r e n t  i n  snap- t rapping 
s t u d i e s .  A s  recommended, l i v e  t r a p p i n g  should be conducted f o r  a t  l e a s t  
a  week t o  i n s u r e  t o t a l  ca tch .  I n  our  c l i m a t e ,  t r a p s  should be monitored 
a t  l e a s t  every t h r e e  hours  t o  avoid  d e a t h  of smal l  mammals due t o  e i t h e r  
h e a t  o r  c o l d ,  which would i n t r o d u c e  f u r t h e r  problems i n  e s t i m a t i n g  
p o p u l a t i o n  numbers. Diurna l  r o d e n t s  seem t o  be h e s i t a n t  t o  e n t e r  s o l i d  
pane l  f o l d i n g  t r a p s ,  which a r e  most e a s i l y  c a r r i e d  i n  l a r g e  numbers. A 
t r a c t o r  and t r a i l e r  a r e  needed t o  c a r r y  an adequate  number of t r a p s  t h a t  
a r e  c o n s t r u c t e d  of wi re  and cannot  be f o l d e d .  Sampling an  a r e a  r e q u i r e s  
.1 l a b o r  f o r c e  t o  c l e a r  v e g e t a t i o n ,  p l a c e  t r a p s ,  check t r a p s ,  and mark 
animals  i n d i v i d u a l l y .  I n c i d e n t s  of i n d i v i d u a l  mice o r  r a t s  defending a  
s p e c i f i c  t r a p  t h a t  suppor t s  a b o u n t i f u l  food supply a r e  commonplace i n  
l i v e - t r a p p i n g  e f f o r t s .  F i n a l l y ,  once t h e  t r a p p i n g  o p e r a t i o n  has  been 
completed and t h e  s o i l s  and v e g e t a t i o n  have been trampled r e p e a t e d l y  
( e i g h t  t imes a  day f o r  7-10 d a y s ) ,  can t h e  d a t a  e v e r  be d u p l i c a t e d ,  
s i n c e  t h e  a r e a  has  been h i g h l y  d i s t u r b e d  by t h e  repea ted  t rampl ing  
p rocess?  

Avian censusing methods a r e  n o t  wi thou t  problems, a s  i s  e v i d e n t  i n  a  
r e c e n t  p u b l i c a t i o n  (Ralph and S c o t t  1981).  But w i t h  repea ted  sampling 
( t h r e e  t imes i n  each community and s t r u c t u r a l  type month ly ) ,  many 
problems can be overcome. :.lore i m p o r t a n t ,  most b i r d  s p e c i e s  appear  t o  
respond d i r e c t l y  t o  h a b i t a t  change. Although numbers and s p e c i e s  may 
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fluctuate on a E' --?rial and annual basis, the optimum habitats 
identified for each species hold year after year. As habitats change 
quickly or slowly, the avian population changes in density and species 
composition. In major habitat alterations the avian response is 
relatively rapid as compared with other vertebrate groups. 

We are not advocating that future studies should exclude censusing 
efforts of herps or small mammals. Information on herps and small 
mammals provides insight as to optimum habitat conditions for these 
groups and this information may or may not be the same as those habitats 
indicated by avian population parameters. In general the information is 
the same for the most productive vertebrate habitats along the lower 
Colorado River. In our studies the most reliable criteria for plant 
community productivity and health (if abundance of thriving native plant 
species is the criterion) have been the number of bird species present 
and the densities of these species. Relative densities and species 
richness in herps and species richness in small mammals serve as 
supporting criteria in this judgment. Further, at least some evidence 
indicates that if one designs and builds new plant communities optimum 
for a large number of avian species, the habitat will also support 
numerous species of reptiles as well as small mammals (Anderson and 
Ohmart 1982, Chapter 13 this report, and unpublished data and 
observations of field biologists). 

In the Vegetation Management Study one of our first objectives was to 
classify the vegetation in the valley, quantify its areal extent, and 
then determine quantitatively what wildlife species were associated with 
each of the vegetation types present. With this information we would 
then know which plant communities along the lower Colorado River were 
most important to wildlife. Analysis of the vegetation-wildlife data 
should then identify the most important vegetation components 
(vegetation structure, plant species, tree densities, etc.) being 
selected by the wildlife that inhabit these communities. For wildlife 
enhancement, these important vegetation components have to be designed 
and implemented into existing communities or into newly vegetated 
communities. Further, the initial baseline data would allow us to 
determine the response of each species to any habitat perturbation so 
that we could judge if the response was toward enhancement or toward 
degradation of the habitat. 

Data for the study are from July 1972 through February 1981. Field 
techniques used in collecting the data are numerous. Chapter 2 explains 
the main field techniques, as well as a few of the most widely applied 
analytical techniques. The more specialized analytical approaches are 
explained in detail as encountered in subsequent chapters. Common names 
of plants and animals are used in the text where p,ossible. Appendix 1-1 
lists the common and scientific names for plants, mammals, reptiles and 
amphibians. Common and scientific names of birds are in Chapter 4. 

Following the explanation of techniques and a chapter on phenological 
events in riparian vegetation are seven chapters analyzing avian use of 
the Colorado River valley. The lead chapter in this series is a general 
introduction to the birds of the lower Colorado River (Chapter 4), 
including their distribution, period when they are present in the study 
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a r e a ,  b reed ing  s t a t u s ,  and g e n e r a l  comments about  t h e i r  food h a b i t s .  
The second c h a p t e r  i n  t h i s  s e r i e s  (Chap te r  5) i s  a c a r e f u l ,  compre- 
hens ive  a n a l y s i s  of how b i r d s  use  r i p a r i a n  v e g e t a t i o n .  I n  t h i s  c h a p t e r  
we cons idered  b o t h  s p e c i e s  r i c h n e s s  and d e n s i t i e s  and how t h e s e  v a r i e d  
s p a t i a l l y  and t empora l ly .  T h i s  i s  one of t h e  major  s o u r c e s  of 
in fo rmat ion  about  t h e  s t a t e d  o b j e c t i v e s  of t h e  r e p o r t .  Th i s  i s  followed 
by a  d e t a i l e d  a n a l y s i s  of a v i a n  use  of a  s m a l l  b u t  impor tan t  a r e a  -- t h e  
B i l l  Will iams D e l t a  (Chap te r  6 ) .  Th i s  a r e a  i s  impor tan t  because i t  
s u p p o r t s  t h e  l a r g e s t  remaining s t a n d  of cottonwood-willow i n  t h e  
v i c i n i t y  of t h e  lower Colorado River .  T h i s  s t a n d  was s e v e r e l y  damaged 
by h i g h  wate r  f lows d u r i n g  1979-1980 and even as t h i s  r e p o r t  i s  being 
w r i t t e n ,  t h e  a r e a  i s  t h r e a t e n e d  w i t h  more h i g h  w a t e r  f lows.  

Br ief  c o n s i d e r a t i o n  of v a r i o u s  aquat ic-based a v i a n  groups  t h a t  use  t h e  
r i v e r  a r e  t h e  s u b j e c t  of Chapter 7 .  T h i s  c h a p t e r  t a k e s  i n t o  account  t h e  
p o t e n t i a l  impact on t h e s e  groups  of d r e d g i n g ,  r i p r a p p i n g ,  and human 
r e c r e a t i o n a l  use  of t h e  r i v e r .  Because of t h e  economic importance of 
Gambel Q u a i l ,  a  s e p a r a t e  c h a p t e r  i s  devoted t o  t h i s  s p e c i e s  (Chapter  8 ) .  

Chapter 9  c o n s i d e r s  t h e  v e g e t a t i o n a l  changes a t  v a r i o u s  I n t e r v a l s  of 
t ime fo l lowing  a  d i s t u r b a n c e  such a s  f i r e .  Emphasis i s  placed on t h e  
b i r d s  t h a t  a r e  a t t r a c t e d  t o  an  a r e a  a t  v a r i o u s  s t a g e s  of redevelopment.  
Th i s  i s  p o t e n t i a l l y  impor tan t  i n  p r e d i c t i n g  t h e  a v i a n  d e n s i t y  and 
d i v e r s i t y  a t  v a r i o u s  t imes fo l lowing  r e v e g e t a t i o n  e f f o r t s .  

Chapters  10 and 11 summarize t h e  use  of r i p a r i a n  v e g e t a t i o n  by n o c t u r n a l  
r o d e n t s .  Chapter 10 i s  t h e  second c h a p t e r  w i t h  s u b s t a n t i a l  i n f o r m a t i o n  
d i r e c t l y  r e l a t i n g  t o  t h e  o b j e c t i v e s  of t h e  r e p o r t .  

Chapter 12 summarizes f o u r  y e a r s  of t h e  c o l l e c t i o n  and a n a l y s i s  of 
c o n t e n t s  i n  coyo te  s c a t s  a long a v i a n  census  r o u t e s .  The knowledge of 
food h a b i t s  of coyo tes  on a  seasona l  and annua l  b a s i s ,  combined w i t h  
abundance d a t a  on prey s p e c i e s  such a s  r o d e n t s  and b i r d s ,  h a s  al lowed a n  
in-depth  assessment  of t h e  e c o l o g i c a l  r o l e  played by t h e  coyote  i n  
r i p a r i a n  h a b i t a t s  a long t h e  lower Colorado River  and h e l p s  i d e n t i f y  t h e  
h a b i t a t s  most p r e f e r r e d  i n  t h e  hunt ing a c t i v i t i e s  of t h i s  l a r g e  
c a r n i v o r e .  

The f i n a l  c h a p t e r  (Chapter  13) r e p r e s e n t s  an  e f f o r t  t o  s y n t h e s i z e  t h e  
e n t i r e  r e p o r t .  T h i s  c h a p t e r  n o t  on ly  e v a l u a t e s  t h e  e x t e n t  t o  which we 
were s u c c e s s f u l  i n  meeting t h e  f o u r  o b j e c t i v e s ,  b u t  i t  a l s o  r e f e r e n c e s  
t h e  d a t a  most p e r t i n e n t  t o  those  o b j e c t i v e s .  

The m a j o r i t y  of t h e  p lans  concerning f i e l d  and b a s i c  a n a l y t i c a l  
methodologies  were developed by bo th  a u t h o r s  d u r i n g  1974. Both worked 
f u l l  t i m e  toward ach iev ing  t h e  o b j e c t i v e s  from t h a t  t i m e  forward.  The 
p r o j e c t  was such an  enormous under tak ing  t h a t  i t  was n o t  l i k e l y  t h a t  two 
people  of modest a b i l i t y  could  s u c c e s s f u l l y  a t t a i n  t h e  in tended  
o b j e c t i v e s  wi thou t  t h e  i n t e l l e c t u a l  i n p u t ,  t o  say  no th ing  of t h e  f i e l d  
e f f o r t ,  from a  l a r g e  number of o t h e r  i n t e r e s t e d  and capable  b i o l o g i s t s .  
Many of t h e s e  i n d i v i d u a l s  d e s e r v e  s p e c i a l  mention. 

The c h a p t e r  concerning t echn iques  (Chapter  2 )  i s  a  by-product of a paper  
f i r s t  pub l i shed  by Anderson e t  a l .  (1977) and l a t e r  r e v i s e d  by D r .  J u l i e  
K. Meents. The i l l u s t r a t i o n s  were done by Br ian  Woodbridge. 
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The work done by Kenneth V. Rosenberg on Chap te r s  4 ,  6 ,  and 8 and by 
Al ton  Higgins  on Chapter 9 was so e x t e n s i v e  t h a t  t h e y  have been l i s t e d  
a s  a u t h o r s  of t h e s e  c h a p t e r s .  Both of t h e s e  a s t u t e  b i o l o g i s t s  a l s o  
a s s i s t e d  w i t h  f i e l d  work f o r  s e v e r a l  years .  Without them, our  s u c c e s s  
would be much l e s s  than  i t  i s .  

Dan Cohan a s s i s t e d  w i t h  w r i t i n g  Chapter 5 ,  Kenneth V. Rosenberg w i t h  
Chapter 7 ,  D r .  Meents w i t h  Chapter 2 ,  and Kath leen  Conine w i t h  Chap te r s  
10 and 12. These b i o l o g i s t s  a l s o  a s s i s t e d  w i t h  f i e l d  work, and w e  a r e  
g r a t e f u l  f o r  t h e i r  d e d i c a t i o n  t o  t h e  p r o j e c t .  

D r .  Meents' e d i t o r i a l  work was a l s o  a i d e d  e x t e n s i v e l y  by Susan M. Cook, 
J a n e  R. Durham, and Cindy D. Z i sner .  

We a r e  g r a t e f u l  t o  B e a t r i c e  Anderson, M a r c e l e t t  E c t o r ,  and Cindy D. 
Z i sner  f o r  typ ing  t h e  numerous d r a f t s  of c h a p t e r s .  Melodie C a r r ,  E l a i n e  
Hass inger ,  S tephan ie  Lewis,  Rodney H. Ohmart, Duna S t r a c h a n ,  and Cindy 
D. Z i sner  k i n d l y  prepared t h e  g raphs .  

We a r e  g r a t e f u l  t o  D r .  J a k e  Rice  f o r  a d v i c e  concerning d a t a  a n a l y s i s  and 
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Appendix 1-1. i i j ~  of scientific names of plants, mammals, reptiles and 
amphibians. 

Common name Scientific name 

Arrowweed 
Buckwheat 
Bulrush 
Cat-tail 
Cottonwood 
Four-wing salt bush 
Goosefoot 
Hackberry 
Honey mesquite 
Mistletoe 
Palo verde 
Prickly pear 
Quail bush 
Sago pondweed 
Salt bush 
Salt cedar 
Sand-bur 
Screwbean mesquite 
Sedge 
Willow 
Wolfberry 
Yerba-mansa 

Antelope ground squirrel 
Bighorn sheep 
Cactus mouse 
Coyote 
Deer mouse 
Desert cottontail rabbit 
Desert kangaroo rat 
Desert pocket mouse 
Desert shrew 
Desert woadrat 
Harris antelope squirrel 
Hispid cotton rat 
House mouse 
Jackrabbit 
Merriam kangaroo rat 
Mule deer 
Muskrat 
Porcupine 
Skunk 
Southern grasshopper mouse 
Southern pocket gopher 
Western harvest mouse 

PLANTS 
Tessaria sericea 
Eriogonum spp. 
Scirpus spp. 
T Y P ~ ~  SPP. 
Populus fremontii 
Atriplex canescens ' 

Chenopodium spp. 
Celtis spp. 
Prosopis glandulosa 
Phoradendron californicum 
Cercidium spp. 
Opuntia spp. 
Atriplex lentiformis 
Potamogeton pectinatus 
Atriplex spp. 
Tamarix chinensis 
Xanthium spp. 
Prosopis pubescens 
Carex spp. 
Salix gooddingii 
Lycium spp. 
Anemo~sis californica 

MAMMALS 
Spermophilus spp. 
Ovis canadensis - 
Peromyscus eremicus 
Canis latrans 
Peromyscus maniculatus 
Sylvilagus audubonii 
Dipodomys deserti 
Perognathus penicillatus 
Notiosorex crawfordii 
Neotoma lepida 
Ammospermophilus harrisii 
Sigmodon hispidus 
Mus musculus - 
Lepus spp. ' 

Dipodomys merriami 
Odocoileus hemionus 
Ondatra zibethicus 
Erethizon dorsatum 
Mephitis spp. 
Onychomys torridus 
Thomomys umbrinus 
Reithrodontomys megalotis 
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Appendix 1-1. (cont.) 

Common name Scientific name 

White- tailed antelope squirrel Ammospermophilus leucurus 
White-throated woodrat Neotoma albigula 
Valley pocket gopher Thomomys bottae 

Rattlesnake 
Spiny lizard 

REPTILES AND AMPHIBIANS 
Crotalus spp. 
Sceloporus spp. 
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CHAPTER 2 

FIELD TECHNIQUES AND DATA ANALYSES 

INTRODUCTION 

A community consists of a group of populations that occur in the same 
area and interact with one another. The delimitation of a community is 
arbitrary to some extent because individual species distributions are 
geographically variable. 

Plant communities are generally described by the visibly most common or 
dominant plant species. Finer-grained studies usually subdivide 
recognized plant communities into smaller units based on secondary 
characteristics such as structure (density, height) or the presence of 
other, less common, plant species. Animal communities are frequently 
studied in association with recognized plant communities for the obvious 
reason that animals tend to be closely associated with plant community 
characteristics. Differences at some level between animal communities 
can be expected wherever there are significant differences between plant 
communities. 

The vegetation of the lower Colorado River valley has been classified 
into six major community types, based on the dominant tree species 
(arrowweed is the sixth type, but since it is not a tree it is not 
included in the table; Table 2-1). Each of these community types is 
further subdivided into structural types, based on distribution of the 
foliage at various heights (Fig. 2-1). Animal communities of the lower 
Colorado River valley are studied in conjunction with these community- 
structural types. (For a greater in-depth discussion of the vegetation 
classification system consult Anderson et al. 1983, Anderson and Ohmart 
1984). 

Most communities are too large and/or too complex for every component to 
be individually measured or counted. Even if this were possible, the 
information obtained would probably be no more useful than a good 
representative data set obtained with an appropriate sampling technique. 
The following procedures have been developed for sampling desert 
riparian communities on the lower Colorado River. 

ESTABLISHING TRANSECTS 

Purpose 

A transect is a sampling strip extending through a stand of relatively 
homogeneous vegetation. Data obtained along the transect are 
representative of the entire vegetation stand. Permanent transects 
allow comparisons to be made in a recognized plant community through 
time . 



V e g e t a t i o n  Management - 12 

Table  2-1. Average number of Crees (+1 SD) p e r  s u b p l o t  i n  each  of 23 
recognized r i p a r i a n  h a b i t a t  types  a long  t h e  lower Colorado River .  

Number of t r e e s  pe r  150-X-50-m s u b p l o t  

Screw- P e r c e n t  of 
S a l t  Cotton- bean Honey s u b p l o t s  
c e d a r  wood Willow mesqui te  mesqui te  w i t h  no 

t r e e s  of 
Vege ta t ion  type  and dominant - - - 
number of s u b p l o t s  x SD x SD x SD x SD x SD s p e c i e s  

S a l t  cedar  
I 18 95 20 0 0 
I1 8 47 19 0 0 
111 28 74 25 0 0 
I V  32 163 105 0 0 
V 109 133 146 0 0 
V I  20 31 50 0 0 

S a l t  cedar-  
cottonwood/willow 
I 18 52 13 59 27 
I1 10 129 46 38 22 
111 62 130 147 19 44 
I V  52 38 53 0 0 
V 30 44 49 0 0 
V I  22 19 32 1 1  

S a l t  cedar-  
screwbean mesqui te  
I I 10 63 24 2 4 
111 40 49 43 0 0 
I V  78 60 58 0 0 
V 84 45 39 0 0 
V I  18 45 55 0 0 

S a l t  cedar-honey 
mesqui te  

I V  38 41 53 0 0 
Honey mesqu i te  

111 2 4 0 0 0 0  
I V  122 0 0 0 0 
V 56 0 0 0 0  
V I 5 2 0 0 0 0  

* 
Standard  d e v i a t i o n  no t  c a l c u l a t e d  where :<I. 
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Procedure 

As noted, transects are established through stands of relatively 
homogeneous vegetation. The plant community-structural types shown in 
Table 2-1 serve as the basis for defining homogeneous stands of 
vegetation; a stand suitable for a transect is one that represents only 
one community-structural type. In the field, the identification of a 
stand may not be clear-cut because vegetation types tend to be patchy or 
to intergrade with other types. Extensive reconnaissance is necessary 
before transects are established to ensure that the best representative 
vegetation is chosen and that it is of adequate areal extent to 
accommodate a transect. 

In order to provide an adequate sample, transects should be between 0.8 
and 1.6 km (0.5 and 1.0 mi) long, the general rule being that long 
transect lines are better than short ones. The maximum sampling area 
extends up to 124 m (412 ft) from the center line on each side. The 
area encompassed is 20 ha (50 a) on a 0.8-km transect and 40 ha (100 a) 
on a 1.6-km (1.0-mi) transect of maximum width. When a transect is 
established, a line 1-1.5 m (3-5 ft) wide is cleared to facilitate 
traversing the area and to ensure that the same area is always sampled. 
A typical transect is illustrated in Figure 2-2. 

Each transect line is numbered and designated as oriented in a specific 
compass direction and begins and ends with three red flags. A stake 
marked with the transect number and direction sampled is also present at 
each end of the line. Each 150-m (500-ft) interval of the line is 
marked with a numbered stake and two red flags. The transect path is 
marked with single red flags at 15-m (50-ft) intervals. 

A transect that is 750 m (2500 ft) long has five 150-m intervals, each 
of which has two sides. This yields a total of ten 150 X 124-m plots 
(Fig. 2-2). All data are recorded in relation to a specific plot. 

VEGETATION MEASUREMENTS 

Purpose 

Vegetation measurements are made to determine the composition and 
structure of each community sampled by a transect. 

Procedures and Data Analysis 

Tree Counts. Tree counts are conducted only once on each transect. 
Counting is not affected by the amount of foliage present and can be 
done at any time of the year. 

Each individual tree and shrub in a strip 15 m wide on either side of 
each 150-m interval is counted and categorized by species, presence of 
mistletoe, and size (less than or greater than 3 m [lo ft]). A sample 
data sheet is shown in Figure 2-3. It is sometimes easier to divide the 
counting into 30-m (100-ft) intervals because the large diversity of 
tree and/or shrub species may make it difficult to keep track of the 
number of each species. 
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Plot 3 Plot 8 
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Figure 2-2. Typical transect showing individual plots and outer 
boundaries. 
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Some shrubs t h a t  grow i n  l a r g e  clumps a r e  d i f f i c u l t  t o  count a s  
i nd iv idua l s .  In t hese  cases ,  a r e f e rence  sample of i nd iv idua l  shrubs i s  
measured f o r  f o l i a g e  diameter and f o l i a g e  he ight  (F ig .  2-4A). The 
average amount of ground cover per shrub can then be determined f o r  each 
he ight  c l a s s .  During a c t u a l  t r a n s e c t  counts ,  t h e  percent  ground cover 
of t h i s  shrub i n  each 15 X 30-m s t r i p  i s  es t imated by t h e  observer .  
This es t imate  i s  converted t o  t he  minimum number of shrubs f o r  t h e  a r e a  
by d iv id ing  by the  average cover per shrub (F ig .  2-4B). This  method may 
a l s o  be appl ied t o  a l l  t r e e s  and shrubs t o  determine ground cover f o r  a 
given spec i e s  of p l an t  i n  t he  a rea .  

Fol iage Density.  Mature p l an t  communities a r e  sampled annual ly between 
May and Ju ly ;  p l a n t  communities undergoing success ion  a r e  measured a t  
t he  beginning and end of each growing season t o  quan t i fy  growth changes. 

Re la t ive  f o l i a g e  dens i ty  i s  es t imated using the  board technique of 
MacArthur and MacArthur (1961). Sampling i s  done a t  t h ree  p o i n t s  on 
each s i d e  of each 150-m i n t e r v a l .  These sampling po in t s  a r e  a t  15 m (50 
f t ) ,  75 m (250 f t ) ,  135 m (450 f t ) ,  165 m (550 f t ) ,  225 m (750 f t ) ,  285 
m (950 f t ) ,  315 m (1050 f t ) ,  and so on,  f o r  t he  e n t i r e  l eng th  of t h e  
t r a n s e c t .  Stopping po in t s  were s e l e c t e d  on a s t r a t i f i e d  random number 
bas i s .  For example, on a 750-m t r a n s e c t  t h e r e  a r e  15 po in t s  per  s i d e ,  
o r  a t o t a l  of 30 po in t s  f o r  t h e  e n t i r e  t r a n s e c t .  

A t  each sample poin t  on the  t r a n s e c t  t he  observer  moves seven s t e p s  
perpendicular  t o  t he  t r a n s e c t ,  t ak ing  t h e  f i r s t  s t e p  a t  the  edge of t he  
vege ta t ion  bordering the  t r a n s e c t  path (F ig .  2-5). The n e a r e s t  green 
l e a f y  vege ta t ion  t h a t  w i l l  cover ha l f  of a f o l i a g e  board ( a  board 
approximately 22.5 X 40 cm [9 X 16 i n ] )  centered a t  15 cm (6  i n )  above 
ground l e v e l  i s  then se l ec t ed  (F ig .  2-6). This  may be a s i n g l e  p l an t  o r  
a s e r i e s  of p l an t s  of d i f f e r i n g  d i s t a n c e s  from t h e  observer  t h a t  i n  
t o t a l  cover only ha l f  of t he  board. The d i s t a n c e  t o  t h e  board i s  then 
measured using a measuring tape  o r  range f inde r .  A l l  measurements a r e  
rounded t o  the  nea re s t  f o o t ,  except  t h a t  5 inches i s  not  c a l l e d  0 ,  a s  5 
inches represents  very dense vegeta t ion ;  0 means vege ta t ion  i s  absent .  
Thus any d i s t ance  g r e a t e r  than 0 but  l e s s  t h a t  5 inches i s  c a l l e d  1 
foo t .  This i s  done because i t  is  d i f f i c u l t  t o  o b t a i n  agreement between 
two observers  f o r  d i s t ances  l e s s  than 1 f o o t ,  y e t  t he  d i f f e r e n c e  i n  t he  
dens i ty  es t imate  between 2.5 cm ( 1  i n )  and 5 cm (2  i n )  i s  l a rge .  This 
r e s u l t s  i n  a conservat ive e s t ima te  of f o l i a g e  d e n s i t y  but  y i e l d s  r e s u l t s  
t h a t  a r e  reproducible  by o t h e r  observers .  The same procedure i s  
repeated a t  height  l e v e l s  of 0.6 m (2 f t ) ,  1.5 m (5  f t ) ,  3 m (10 f t ) ,  
4.5m (15 f t ) ,  6 m (20 f t ) ,  7 .5m (25 f t ) ,  9 m (30 f t ) ,  12 m (40 f t ) ,  15 
m (50 f t ) ,  e t c .  u n t i l  no vege ta t ion  i s  present .  The d i s t ance  from the  
observer  and the  type of p l an t  a r e  recorded a t  each l e v e l .  As he igh t s  
i nc rease  i t  becomes more d i f f i c u l t  t o  make the  measurements. I n  theory ,  
one should use a ladder  or  climb a t r e e  t o  t he  var ious  he ights .  This 
was imprac t ica l ;  t he re fo re ,  we used a range f i n d e r  t o  l o c a t e  a p o i n t ,  
say t o  25 f t ,  then estimated a s  c a r e f u l l y  a s  poss ib l e  t he  d i s t a n c e  t o  
vege ta t ion  which would cover ha l f  of t he  board. 

Distances should be measured very  accu ra t e ly  wi th in  the  f i r s t  3 m 
because the  f o l i a g e  dens i ty  index i s  more s e n s i t i v e  t o  near vege ta t ion .  
Measurements beyond 10 f t  may be est imated o r  determined using a range 



Vegeta t ion  Fianagenent - 18 



V e g e t a t i o n  Kanagement - 19  



Vegetat ion Management - 20 

> Transect 

Figure 2-6. Se l ec t i on  of vege ta t ion  f o r  f o l i a g e  dens i ty  measurements. 
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finder. The maxiuum distance considered is 124 m, or the outer boundary 
of the transect. A specific individual plant may be used only once in 
foliage measurements. Thus if a plant was used at a previous point, or 
will be used for an estimate from a subsequent point, it should not be 
included at any other point. Each plant species and distance 
measurement is recorded separately according to distance along the 
transect, side of transect, and height interval, as shown on the sample 
data form (Fig. 2-7). 

Each plant spe ies distance measurement is converted to ft2 of leaf S surface per ft of space using the formula 

where K is the foliage density and D the measured distance. The three 
foliage densities for each plot are then averaged to obtain the plot 
foliage density. All of these measurements were done in feet. Since 
conversions would create cumbersome numbers, we retain the original 
measurements in all of the following calculations. 

For example, foliage density for the first plot of the sample data shown 
in Figure 2-7 is calculated from measurements taken at 15, 75, and 135 m 
on the south side. The three plant distance measurements are first 
converted to foliage density estimates using the formula given above. 
Foliage density for the first plot is then calculated: 

If no green vegetation could be measured at a particular point, a zero 
should be used in calculations. Foliage densities for all plots in 
Figure 2-7 are shown in Table 2-2. 

Patchiness. Vegetation patchiness is a structural feature of a habitat 
that describes the regularity of vegetation distribution in the 
horizontal and vertical dimensions of space. For example, a lemon 
orchard that has trees of equal size that are evenly spaced (Fig. 2-8A) 
is less patchy than a honey mesquite-Atriplex community that has 
irregularly spaced trees and shrubs of different heights (Fig. 2-8B). A 
quantitative measure of patchiness can be calculated from foliage 
density data. 

Foliage density measurements at different heights are pooled to 
represent layers of vegetation. Four layers (0-0.6 m, 1.5-3.0 m, 
4.5-6.0 m, >7.5 m) appear to relate best to avian data in the lower 
Colorado ~i';Ter valley (Anderson and Ohmart, ms.). Mean foliage density 
for each layer is the average of the sum of foliage densities measured 
at the appropriate heights in each plot. The measure of patchiness is 
simply the variance associated with the mean total foliage density at 
each level. 
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Table 2-2. Foliage density, patchiness, and foliage height diversity 
calculations for the sample vegetation data in Figure 2-7. 

Foliage density 

Plot 0.15 m 0.6 m 1.5 m 3.0 m 4.6 m 

Patchiness 

0.15-0.6 m 1.5-3.0 m 4.6-6.0 m - >7.5 m Total 

- 
x Total density 0.348 0.278 0.004 - 

P1(s2) 0.010 0.013 0.000 - 0 .023 
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Table 2-2. (cont . )  

Fol iage  he ight  d i v e r s i t y  

0.15-0.6 m 1.5-3.0 m 4.6-6.0 m >7.5 m - Tota l  

- 
x To ta l  d e n s i t y  0.348 0.278 0.004 0 0.630 

'i 0.552 0.44 1 0.006 0 

1 % ~ ~  -0.258 -0.355 -2.197 0 

PilOglO~i -0.142 -0.157 -0.013 0 FHD=0.312 
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For example, t h e  summed f o l i a g e  d e n s i t i e s  f o r  15 cm and 0.6 m i n  each 
p l o t  i n  Table  2-2 a r e  averaged t o  o b t a i n  t h e  mean f o l i a g e  d e n s i t y  f o r  
0-0.6 m (0 .348) .  P a t c h i n e s s  i s  t h e  v a r i a n c e  a s s o c i a t e d  w i t h  t h e  mean 
t o t a l  f o l i a g e  d e n s i t y .  The same procedure  i s  used t o  de te rmine  
p a t c h i n e s s  a t  t h e  o t h e r  l e v e l s .  T o t a l  p a t c h i n e s s  i s  t h e  sum of t h e  
v a r i a n c e s  f o r  a l l  l a y e r s .  

Fo l iage  Height D i v e r s i t y .  F o l i a g e  h e i g h t  d i v e r s i t y  i s  computed 
accord ing  t o  i n f o r m a t i o n  theory  (Shannon and Weaver 1949): 

where H e q u a l s  f o l i a g e  h e i g h t  d i v e r s i t y  and p.  e q u a l s  t h e  p r o p o r t i o n  of 
t h e  t o t a l  f o l i a g e  d e n s i t y  c o n t r i b u t e d  by t h e  t e n s i t y  a t  h e i g h t  l e v e l  i. 
C a l c u l a t i o n s  f o r  de te rmin ing  H from t h e  example i n  F igure  2-6 a r e  shown 
i n  Table 2-2. 

L i t t e r  Height D i v e r s i t y .  The p resence  o r  absence of l i t t e r  i s  recorded 
e v e r y  30 m a l o n g  a  t r a n s e c t  w i t h i n  a 1.5-m ( 5 - f t )  r a d i u s  from t h e  
observer  a t  t h e  same h e i g h t  i n t e r v a l s  used i n  f o l i a g e  d e n s i t y  
measurements. In format ion  t h e o r y  i s  a l s o  used f o r  c a l c u l a t i n g  l i t t e r  
h e i g h t  d i v e r s i t y ;  p .  i s  t h e  p r o p o r t i o n  of t o t a l  p o i n t s  w i t h  l i t t e r  
o c c u r r i n g  i n  t h e  i t h  l a y e r .  

RODENT POPULATIONS 

Purpose 

Rodent p o p u l a t i o n s  are sampled i n  each community t y p e  t o  determine 
r e l a t i v e  d e n s i t i e s ,  h a b i t a t  p r e f e r e n c e ,  and r e p r o d u c t i v e  p a t t e r n s  of 
each s p e c i e s .  Small mammal p o p u l a t i o n  d a t a  a r e  grouped i n t o  two 
seasons :  w i n t e r  (November through March) and summer ( A p r i l  through 
October) .  

Procedure  

S e t t i n g  Out a Grid .  Rodent p o p u l a t i o n s  a r e  sampled w i t h  a  snap- t rap 
g r i d  c o n s i s t i n g  of two p a r a l l e l  l i n e s  15 m a p a r t ;  each  l i n e  i s  made up 
of 15 s t a t i o n s ,  15 m a p a r t  ( F i g .  2-9). Each s t a t i o n  h a s  two 
museum-special mouse t r a p s  and one V i c t o r  r a t  t r a p .  Each g r i d  i s  
t rapped f o r  t h r e e  consecu t ive  days.  Evidence i n d i c a t e s  t h a t  n e a r l y  a l l  
of t h e  r o d e n t s  w i t h i n  e f f e c t i v e  range (200-300 f t )  of t h e  t r a p s  a r e  
caught  i n  t h r e e  n i g h t s  ( s e e  Chapter 11 f o r  more i n f o r m a t i o n  concerning 
movements of r o d e n t  s p e c i e s ) .  

Because snap- t rapping removes animals  from t h e  p o p u l a t i o n ,  a  p a r t i c u l a r  
a r e a  should n o t  be sampled too  f r e q u e n t l y .  Rodent t r a p p i n g  i s  g e n e r a l l y  
used t o  d e s c r i b e  p o p u l a t i o n s  i n  p a r t i c u l a r  community-s t ructura l  t y p e s  
r a t h e r  t h a n  t h o s e  on a  p a r t i c u l a r  t r a n s e c t .  Trapping i s  r o t a t e d  between 
d i f f e r e n t  t r a n s e c t s  r e p r e s e n t i n g  t h e  same community type  i n  o r d e r  t o  
a l l o w  mammal p o p u l a t i o n s  t o  recover  between samples.  I n  g e n e r a l ,  t h e  
same t r a n s e c t  i s  n o t  sampled more t h a n  once per  season.  I f  a  t r a n s e c t  
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Figure 2-9. Small mammal trapping grid, showing placement of in-stations 
and out-stations. 
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must be sampled more t h a n  once i n  a  season ,  t h e  p o r t i o n  of t h e  t r a n s e c t  
t r apped  should be changed each t ime t h e  t r a n s e c t  i s  sampled. 

Traps a r e  placed i n  t h e  p o r t i o n  of t h e  t r a n s e c t  t h a t  i s  most 
r e p r e s e n t a t i v e  of t h e  community-s t ructura l  t y p e  and t h e  s i d e  of t h e  
t r a n s e c t  t o  be sampled i s  randomly s e l e c t e d .  S t a t i o n s  of one l i n e  of 
t h e  g r i d  a r e  placed a t  t h e  15-m i n t e r v a l  f l a g s  a long  t h e  t r a n s e c t .  
These a r e  termed " i n - s t a t i o n s "  ( F i g .  2-9). The i n - s t a t i o n  t r a p s  a r e  
p laced  i n  t h e  v e g e t a t i o n  on t h e  a p p r o p r i a t e  s i d e  of t h e  t r a n s e c t .  I f  
t h e  g r i d  i s  placed a long a  r o a d ,  c u t ,  o r  edge ,  t h e  t r a p s  a r e  p laced  i n  
a d j a c e n t  v e g e t a t i o n ,  n o t  on t h e  edge of t h e  road o r  c u t .  

Traps  placed i n  a  l i n e  p a r a l l e l  t o  those  a long  t h e  t r a n s e c t  a r e  termed 
I I ou t - s t a t ions . ' '  O u t - s t a t i o n s  a r e  placed 15 m from i n - s t a t i o n s ,  
p e r p e n d i c u l a r  t o  t h e  t r a n s e c t  ( F i g .  2-9). A l l  t r a p  s t a t i o n s  a r e  marked 
w i t h  b l u e  f l a g g i n g .  

2  2  The t h r e e  t r a p s  a t  each s t a t i o n  a r e  placed w i t h i n  a 0.9-m ( 3 - f t  ) a r e a  
accord ing  t o  t h e  p a t t e r n  i l l u s t r a t e d - i n  F i g u r e  2-10. The t r a p s  a r e  
placed 0.2-0.3 m (8-12 i n )  a p a r t  so  t h a t  a n  animal caught  i n  one t r a p  
w i l l  n o t  s e t  o f f  t h e  o t h e r  t r a p s .  A l l  t r a p s  a r e  n a i l e d  t o  t h e  ground t o  
p reven t  them from being dragged o f f  by an imals  t h a t  have n o t  been 
immediately k i l l e d .  Traps  a r e  b a i t e d  w i t h  peanut  b u t t e r  and r o l l e d  
o a t s ,  combined w i t h  an  a n t  r e p e l l e n t  (Tab le  2-3; Anderson and Ohmart 
1977a). F resh  b a i t  i s  used on t r a p s  each day. 

A maximum/minimum thermometer i s  placed i n  t h e  shade n e a r  one of t h e  
s t a t i o n s .  Traps a r e  checked each  morning a f t e r  being set o u t  and l e f t  
o v e r n i g h t .  

Da i ly  Trapping Procedure .  A sample smal l  mammal f i e l d  d a t a  form i s  
shown i n  F igure  2-11. Th is  form i s  used f o r  a l l  t h r e e  days of t r a p p i n g .  
Vege ta t ion  d a t a  a r e  t a k e n  on t h e  f i r s t  day t o  d e s c r i b e  t h e  m i c r o h a b i t a t  
i n  which each s t a t i o n  i s  placed.  

M i c r o h a b i t a t  d a t a  a r e  c o l l e c t e d  a t  t h r e e  h e i g h t  i n t e r v a l s ,  i n c l u d i n g  
0-0.2 m (GR), 0.2-0.6 m ,  and >0.6 m. An imaginary s q u a r e ,  about  0.9 m 
on each s i d e ,  i s  v i s u a l i z e d  around t h e  t h r e e  t r a p s ,  w i t h  t h e  r a t  t r a p  a t  
t h e  c e n t e r .  The p e r c e n t  cover of each p l a n t  s p e c i e s ,  l i t t e r ,  and dead 
v e g e t a t i o n  i n  t h e  square  i s  es t imated  f o r  each v e g e t a t i o n  l e v e l  ( F i g .  
2-11). These e s t i m a t e s  a r e  made i n  25% i n c r e m e n t s ,  e x c e p t  f o r  annua l  
p l a n t s ,  which a r e  recorded i n  1% increments .  A v e g e t a t i o n  l e v e l  may 
have more than  100% cover  i f  s e v e r a l  s p e c i e s  o v e r l a p  i n  cover .  

Weather and maximum/minimum tempera tu res  a r e  recorded d a i l y .  Each 
mammal cap tured  i n  a  t r a p  i s  recorded accord ing  t o  i t s  l o c a t i o n  and 
s p e c i e s .  Key c h a r a c t e r i s t i c s  of common roden t  s p e c i e s  i n  t h e  lower 
Colorado River  v a l l e y  a r e  l i s t e d  i n  Table 2-4. The s t a t u s  of each t r a p  
(snapped,  u n b a i t e d ,  e t c . )  i s  a l s o  recorded.  Traps a r e  r e s e t  and 
r e b a i t e d .  Mammals a r e  t h e n  processed t o  o b t a i n  r e p r o d u c t i v e  
in format ion .  

A sample smal l  mammal p rocess ing  form i s  shown i n  F i g u r e  2-12. Weight, 
body measurements, and measurements and s t a t u s  of r e p r o d u c t i v e  o rgans  
a r e  recorded f o r  each i n d i v i d u a l .  
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Tab le  2-3. Procedure  f o r  making b a i t  f o r  small mammal t r a p p i n g .  

I n g r e d i e n t s  : 

1. Peanut b u t t e r  - 2-112 cups  ' 

2. Rol led o a t s  - 2-1/2 cups  

3.  Dimethyl p t h a l a t e  - 1:24 r a t i o  of d imethy l  p t h a l a t e  t o  b a i t  

Mixing d i r e c t i o n s :  

1. Measure peanut b u t t e r ,  o a t s  and d imethy l  p t h a l a t e  i n t o  s e p a r a t e  
c o n t a i n e r s .  

2. P l a c e  o a t s  i n t o  mixing c o n t a i n e r .  

3. Add a s m a l l  baby food j a r  ( 6  02.) of h o t  wa te r  t o  o a t s .  Mix 
w e l l .  

4. Mix i n  peanut b u t t e r  thoroughly  w i t h  hands. 

5. Add dimethyl  p t h a l a t e .  Mix thoroughly  w i t h  hands. 

6 .  I f  mix tu re  is  t o o  m o i s t ,  add smal l  amounts of o a t s  u n t i l  m i x t u r e  
i s  of proper  c o n s i s t e n c y .  
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Figure 2-10. Placement of small mammal traps in the vegetation. 
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SNAP - 2 x 15 - 50 ft. 

Transect I . 
Distance Along 
Transect I 

Nailed : 

h t e  Full Moon I 

Night-l(&te I 

Temp 

Weather 

Night-2(date I 

Temp 

Weather 

Night-3(&te I 

Temp 

Weather 

Remarks I 

Total 
Night-2 

Total 
Night - 3 

Total 
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Figure 2-11. Small mammal field data form. 
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Table 2-4. Key characteristics of small mammals in the lower Colorado 
River valley. 

Two- Six- 
Scientific letter letter Common 
name code code name Characteristics 

Peromyscus 
eremicus 

PE PERERE Cactus Most common of all 
mouse rodents. Tail 

longer than head 
and body. 
No cheek pouches. 
No tuft on tail. 
No clear dorsal 
tail stripe. 

Peromyscus PM PERMAN Deer 
maniculatus mouse 

Perognathus PP PERPEN Desert 

Neotoma 
albigula 

merriami 

pocket 
mouse 

NA NEOALB White- 
throated 
woodrat 

DM DIPMER Merriam 
kangaroo 
rat 

Similar to PE, 
except tail 
shorter than 
head and body. No 
tuft on tail. 
Dorsal tail stripe 
extremely evident. 

Yellowish-gray 
color. Tail longer 
than head and body. 
Cheek pouches 
present. Tuft on 
tail. Head and 
body length 2-2.8 
in. 

Head and body 
length 7.5-8.5 in. 
Hairs of throat 
white to base. Tail 
white below. 

Cheek pouches 
present. Head and 
body length 4 in. 
Tail longer than 
head and body. Pale 
yellow to dark brown 
above. Large hind 
foot with 4 toes. 
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Table 2-4. (cont.) 

Two- Six- 
Scientific letter letter Common 
name code code name Characteristics 

Mus musculus - MM MUSMUS House Head and body 
mouse 3.2-3.6 in. 

Small grayish-brown 
mouse with gray or 
buffy belly and a 
scaly tail about the 
same color above and 
below; fur short. 
Upper incisors not - 
grooved. 

Sigmodon 
hispidus 

SH SIGHIS Cotton 
rat 

Head and body 5-8 
in; long coarse body 
fur mixed buff and 
black above, whitish 
below. 

Reithrodontomys RM RE IMEG Western Head and body 2.8-3 
megalotis harvest in; like a small PM 

or PE (wt, 10 g). 
Upper incisor with a 
distinct groove down 
the front , 
lengthwise. 
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AVIAN POPULATIONS 

Purpose 

Bird populations are sampled to determine distribution, habitat 
preference, and abundance of each species. The data also provide 
information on avian community characteristics. 

Procedure 

The technique used for sampling birds is based on a method described by 
Emlen (1971, 1977). As an observer walks the transect line, birds are 
recorded as they are detected in one of four distance categories 
perpendicular to the line: 0-15 m (0-50 ft), 15-30 m (50-100 ft), 30-60 
m (100-200 ft), and 60-124 m (200-412 ft). Detections are recorded 
according to side of the transect line, distance from the transect 
within each 150 X 1243 plot, and whether the detection was made by 
sight or sound. A sample data form is illustrated in Figure 2-13. 

Assigning bird detections to a particular 150-m plot is not necessary 
for determining population density but is an attempt at fine-grain 
analysis of the preferred habitat of each species. When a bird is 
recorded in the 0-15-m distance category, its presence can be correlated 
with the vegetation parameters that have been measured in that 
particular 150 X 15-m plot. These parameters include tree densities, 
foliage density, foliage height diversity, and patchiness. 

Censusing a transect two to three times per month provides an adequate 
analysis of bird populations in most cases (Anderson and Ohmart 1977b). 
To eliminate sampling biases, the same observer usually does not census 
the same transect more than once in a single month. Also, the three 
censuses are evenly spaced throughout the month whenever possible. 
Censusing is postponed if there is heavy precipitation or strong wind. 

Data Analysis 

Avian population parameters are determined on a monthly and seasonal 
basis for individual transects and for community-structural types. The 
seasons are defined as summer (May-July), late summer (August- 
September), fall (~ctober-November), winter (~ecember-February), and 
spring (March-April). 

Bird Density. The Emlen (1971, 1977) technique for bird censusing 
assumes that birds are approximately randomly distributed in a 
homogeneous habitat. If all birds in a particular strip of vegetation 
have been counted, their density can be extrapolated to the entire 
habitat. 

To determine the density of birds from a transect count, one first 
summarizes the number of detections for each species according to the 
distance from the center line. The detections for Mourning Doves in 
Figure 2-13 would be summarized as: 
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R E A D  TO \,7 A BIRD DATA PAGE\  O F \  

T R A & ~ -  DATE =MA& TIME owm- CLOUDSL WND C o L  TEMP= READER= 

SPECIES POS 

F i g u r e  2-13. 3 i r d  c e n s u s  d a t a  form. 
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The d i s t r i b u t i o n  of d e t e c t i o n s  shows a  peak a t  one of t h e  i n t e r v a l s  
l a t e r a l  t o  t h e  c e n t e r  l i n e ,  a f t e r  which d e t e c t a b i l i t y  of t h e  s p e c i e s  
d e c l i n e s .  The d i s t r i b u t i o n  peak i s  chosen by s e l e c t i n g  t h e  number of 
d e t e c t i o n s  i n  a  g iven  d i s t a n c e  c a t e g o r y  t h a t ,  when summed w i t h  a l l  
d e t e c t i o n s  i n  d i s t a n c e  c a t e g o r i e s  c l o s e r  t o  t h e  c e n t e r  l i n e  of t h e  
t r a n s e c t  and m u l t i p l i e d  by a  l a t e r a l  d i s t a n c e  convers ion  f a c t o r ,  y i e l d s  
t h e  h i g h e s t  p o p u l a t i o n  e s t i m a t e .  These c o n v e r s i o n  f a c t o r s  s e r v e  t o  
e x t r a p o l a t e  t h e  number of d e t e c t i o n s  o v e r  t h e  e n t i r e  sample a r e a .  The 
convers ion  f a c t o r s  f o r  t h e  d i s t a n c e  c a t e g o r i e s  of 0-15 m y  0-30 m y  0-60 
m ,  and 0-142 m a r e  8.24, 4.12, 2.06, and 1.00, because  t h e s e  d i s t a n c e s  
r e p r e s e n t  1 / 8 ,  1 / 4 ,  1 / 2 ,  and 1 / 1  of t h e  censused a r e a ,  r e s p e c t i v e l y .  
The r e s u l t i n g  p o p u l a t i o n  e s t i m a t e  i s  t h e n  a d j u s t e d ,  i f  n e c e s s a r y ,  t o  
r e f l e c t  t h e  number of b i r d s  p e r  40 h a  (100 a ) .  T h i s  p rocedure  i s  
conducted s e p a r a t e l y  f o r  each b i r d  s p e c i e s  and t h e  s p e c i e s  t o t a l s  a r e  
t h e n  summed t o  y i e l d  a t o t a l  b i r d  d e n s i t y .  

The d i s t r i b u t i o n a l  peak of Mourning Doves i n  t h e  example o c c u r s  i n  t h e  
0 - 3 0 3  c a t e g o r y  because t h e  sum of 6  + 7 ,  m u l t i p l i e d  by t h e  l a t e r a l  
d i s t a n c e  convers ion  f a c t o r  f o r  0-30 m (4 .12) ,  y i e l d s  t h e  h i g h e s t  
p o p u l a t i o n  e s t i m a t e  (54 b i r d s ) .  I f  t h i s  were a t r a n s e c t  w i t h  f i v e  150-m 
i n t e r v a l s  (750 m),  t h e  p o p u l a t i o n  e s t i m a t e  would be 53 b i r d s  pe r  18.6 h a  
(47.3 a ) ,  o r  115 b i r d s  p e r  40 ha .  

A demons t ra t ion  t h a t  t h e s e  c a l c u l a t i o n s  a r e  r e a l i s t i c  i s  i l l u s t r a t e d  i n  
F igure  2-14. The f i g u r e  shows a  h y p o t h e t i c a l  t r a n s e c t  w i t h  each 
p o s s i b l e  d e t e c t i o n  p o i n t  numbered i n  sequence.  A p o p u l a t i o n  of 50 b i r d s  
i s  assumed t o  be p r e s e n t  i n  t h e  41.6-ha (104-a) a r e a .  The l o c a t i o n  of 
each b i r d  ( c i r c l e d  numbers) i s  randomly determined.  I f  a l l  b i r d s  i n  t h e  
f i r s t  d i s t a n c e  c a t e g o r y  a r e  observed ( 6  b i r d s ) ,  we would o b t a i n  a  
d e n s i t y  e s t i m a t e  of 49.4 b i rds /41 .6  h a  ( 6  X 8.24 = 49.4). E s t i m a t e s  f o r  
t h e  0-30-my 0-60-my and 0-124-m d i s t a n c e  c a t e g o r i e s  would be 45.3, 53.6, 
and 51.5 b i rds l41 .6  h a ,  r e s p e c t i v e l y ,  i f  each of t h e  c i r c l e d  numbers i s  
counted as one d e t e c t i o n .  I n  a l l  c a s e s ,  t h e  e s t i m a t e s  a r e  w i t h i n  10% of 
t h e  a c t u a l  number of b i r d s  p r e s e n t .  Bird  d e n s i t i e s  a r e  computed on a  
monthly b a s i s  on t h e  b a s i s  of t h e  t o t a l  d e t e c t i o n s  on t h r e e  s e p a r a t e  
censuses  conducted on t h e  t r a n s e c t  d u r i n g  t h a t  month. 

Bird  Spec ies  D i v e r s i t y .  Bird s p e c i e s  d i v e r s i t y  (BSD) i s  determined 
u s i n g  i n f o r m a t i o n  theory  (Shannon and Weaver 1949) ,   where,^, i s  t h e  
p r o p o r t i o n  of t h e  t o t a l  b i r d  d e n s i t y  c o n t r i b u t e d  by t h e  i E n L s p e c i e s .  
BSD's a r e  c a l c u l a t e d  on a  monthly and s e a s o n a l  b a s i s  f o r  each t r a n s e c t  
a s  w e l l  a s  f o r  each community-s t ructura l  type .  

H a b i t a t  Breadth .  H a b i t a t  b r e a d t h  (HB) i n d i c a t e s  t h e  e x t e n t  t o  which a  
s p e c i e s '  p o p u l a t i o n  is  evenly  d i s t r i b u t e d  throughout  t h e  h a b i t a t .  It i s  
determined from t h e  s p e c i e s '  d i s t r i b u t i o n  among t h e  c a t e g o r i e s  of 
dominant v e g e t a t i o n  and s t r u c t u r a l  t y p e s  ( F i g .  2-15). 

H a b i t a t  b r e a d t h  is a l s o  c a l c u l a t e d  from i n f o r m a t i o n  theory ;  pi 
r e p r e s e n t s  t h e  p r o p o r t i o n  of a  s p e c i e s '  t o t a l  p o p u l a t i o n  c o n t r i b u t e d  by 
i t s  d e n s i t y  i n  community-structural  type  i. When expressed  a s  t h e  
p e r c e n t  of maximum h a b i t a t  b read th :  
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Figure 2-15. Presence of a species at varying densities in 
three habitat types. 
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( n  = number of community t y p e s ) ,  h a b i t a t  b read th  can be used t o  
des igna t e  spec i e s  a s  g e n e r a l i s t s  o r  s p e c i a l i s t s .  Species  having a  h igh  
percentage of maximum h a b i t a t  b read th  are 8 e n e r a l i s c s  compared t o  those  
occurr:..ng i.n a more l i m i t e d  number of h a b i t a t  types.  

Habi ta t  Overlap. Hab i t a t  over lap  i s  a  measure of t h e  e x t e n t  t o  which 
two s p e c i e s  use t h e  same.community and/or  s t r u c t u r a l  type (F ig .  2-16). 
It i s  ca l cu l a t ed  using Horn's (1966) formula f o r  e c o l o g i c a l  over laps :  

(X + Y)log(X + Y) - XlogX - YlogY 

where x and y r ep re sen t  t he  dens i ty  of b i r d  spec i e s  x and y i n  i i 
community o r  s t r u c t u r a l  type i, and X and Y r ep re sen t  t h e  sum of t h e  xi 
and yi va lues .  High over lap  i s  ind i ca t ed  by a  r e l a t i v e l y  h igh  Ro value.  
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F i g u r e  2-16. Two s p e c i e s  o v e r l a p  i n  u s e  of one h a b i t a t  b u t  
do n o t  s h a r e  o t h ~ r  t y p e s .  
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CHAPTER 3 

PHENOLOGY 

INTRODUCTION 

I n t e r e s t  i n  t h e  p e r p e t u a t i o n  and improved management of Southwestern  
r i p a r i a n  h a b i t a t s  h a s  l e d  t o  numerous s t u d i e s  examining which v e g e t a t i o n  
components a r e  most impor tan t  i n  s u p p o r t i n g  h i g h e s t  numbers of s p e c i e s  
and d e n s i t i e s  of w i l d l i f e .  Along t h e  lower Colorado R i v e r ,  t r e e  s p e c i e s  
composi t ion and d e n s i t y ,  f o l i a g e  volume, and ;egeta t ion s t r u c t u r e  have 
been h i g h l y  c o r r e l a t e d  w i t h  a v i a n  d e n s i t i e s  and numbers of s p e c i e s  
(Anderson and Ohmart 1977) .  Seasonal  use  of t h e  v a r i o u s  p l a n t  
communities by w i l d l i f e  i s  r e l a t e d  t o  t h e  phenology of t h e  p l a n t s  i n  
t h e s e  communities. 

D i f f e r e n t i a l  s e a s o n a l  u s e  of p l a n t  communities has  been documented f o r  
b i r d s  and some mammalian s p e c i e s .  These consumers a r e  dependent 
d i r e c t l y  o r  i n d i r e c t l y  upon t h e  pr imary p r o d u c t i o n  of t h e  p l a n t  s p e c i e s  
i n  t h e  v a r i o u s  h a b i t a t s .  It i s  b e l i e v e d  t h a t  t h e  pheno log ica l  e v e n t s  of 
t h e s e  r i p a r i a n  p l a n t s  e x e r t  an impor tan t  annua l  i n f l u e n c e  on v e r t e b r a t e  
p o p u l a t i o n s  r e l a t i v e  t o  movement and t iming of reproduc t ion .  To examine 
t h i s  i n f l u e n c e ,  d a t a  concerning f i v e  s p e c i e s  of dominant p h r e a t o p h y t i c  
t r e e s  on t h e  lower Colorado River were g a t h e r e d  from 1975 through 1978 
on t r a n s e c t s  from Davis Dam s o u t h  t o  t h e  Mexican Boundary, a  d i s t a n c e  of 
approx imate ly  440 km (273 mi ) .  Cottonwood, wi l low,  honey m e s q u i t e ,  
screwbean mesqu i te ,  and s a l t  cedar  t r e e s  were sampled a t  monthly 
i n t e r v a l s  f o r  a  number of growth and developmental  f e a t u r e s  ( s e e  
Anderson e t  a l .  1977).  R e s u l t s  of t h e  d a t a  c o l l e c t e d  on phenolog ica l  
e v e n t s  a r e  p resen ted  i n  t h i s  c h a p t e r .  

METHODS 

Phenolog ica l  Data 

F i f ty - seven  i n d i v i d u a l s  of each s p e c i e s  of t h e  f i v e  dominant t r e e  
s p e c i e s  (above)  were marked t o  p rov ide  phenolog ica l  d a t a  on a  monthly 
b a s i s  d u r i n g  t h e  y e a r s  1975 and 1976. Only mature  t r e e s  were used.  
T r a n s e c t s  w i t h  marked t r e e s  were r e p r e s e n t a t i v e  of a l l  d i v i s i o n s  
(Mohave, P a r k e r ,  e t c . )  and of n e a r l y  a l l  s t r u c t u r a l  and community t y p e s .  

Twenty new branches ,  s p i k e s ,  pods,  and l e a v e s  were measured on each t r e e  
monthly ( F i g .  3 ,  from which 2 mean way computed and used i n  d a t a  
a n a l y s i s .  A w i r e  hoop of 0.1 m (1 .1  f t  ) was placed a t  t h e  o u t e r  
p e r i m e t e r  of t h e  canopy of t h e  t r e e  and t h e  numbers of l e a v e s ,  s p i k e s ,  
and pods occupying an imaginary c y l i n d e r  from t h a t  p o i n t  t o  a  d e p t h  of 
0.3 m ( 1  f t )  were counted.  Th is  was r e p e a t e d  15 t i m e s  t o  g i v e  t h e  mean 
number pe r  0.45 m3 (15.9 f t 3 ) ,  which was e x t r a p o l a t e d  t o  a  c u b i c  mete r .  

F i f t e e n  honey o r  screwbean mesqui te  t r e e s  a long  each of 34 t r a n s e c t s  
were sampled a t  r e g u l a r  i n t e r v a l s  f o r  volume, coverage ,  and pod 
p r o d u c t i o n .  T r a n s e c t s  were censused from August through December a t  one 
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Wil low 

- ... . 

u i t e  

C o t t o n w o o d  

Figure  3-1. Represen ta t ion  of p l a n t  p a r t s  measured i n  1975 and 1976. 
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month i n t e r v a l s  376, 1977, and 1978. I n  1978, o n l y  t o t a l s  of pods 
on t h e  ground under t r e e s  were recorded .  

Average ground coverage p e r  t r e e  was determined by a v e r a g i n g  t h e  nor th -  
s o u t h  d iamete r  by two and u s i n g  t h a t  f i g u r e  a s  t h e  r a d i u s  i n  t h e  formula  
f o r  t h e  a r e a  of a  c i r c l e .  For v o l u m e t r i c  c o n s i d e r a t i o n s ,  b o t h  s p e c i e s  
of mesqui te  were assumed t o  possess  approx imate ly  g e o m e t r i c  shapes :  a  
hemi-oblate s p h e r o i d  f o r  honey m e s q u i t e  and an  o b l a t e  s p h e r o i d  f o r  
screwbean mesqui te .  Fur thermore,  b o t h  were assumed t o  have a  " s h e l l "  of 
pod-producing f o l i a g e  sur rounding  a r e l a t i v e l y  u n p r o d u c t i v e  i n t e r i o r .  
Depth of t h i s  " s h e l l "  was measured a long  w i t h  t r e e  h e i g h t ,  f o l i a g e  
d i a m e t e r ,  and h e i g h t  from ground l e v e l  t o  t h e  lowes t  f o l i a g e .  Using t h e  
g e n e r a l  formula  f o r  an o b l a t e  s p h e r o i d ,  i t  was p o s s i b l e  t o  e s t i m a t e  t h e  
volume of t r e e  space  a v a i l a b l e  f o r  pod growth. T h i s  was ob ta ined  f o r  
each t r a n s e c t  by c a l c u l a t i n g  t h e  average  t r e e ' s  t o t a l  f o l i a g e  volume and 
s u b t r a c t i n g  from i t  t h e  volume n o t  occupied by pods ( F i g .  3-2). With 
t h i s  t r e a t m e n t ,  t h e  average  volume p e r  t r e e  was extended over  an  e n t i r e  
t r a n s e c t  . 
The 15 t r e e s  were sampled f o r  number of pods on and below t h e  t r e e .  For 
measurement of number of pods pe r  tree, t h e  w i r e  hoop p r e v i o u s l y  
d e s c r i b e d  was used (F ig .  3-3A). Pods below t h e  t r e e  were sampled by 
p l a c i n g  a  hoop on t h e  ground a t  t h e  base  of t h e  t r u n k ,  c o u n t i n g  t h e  pods 
i n s i d e  t h e  hoop, t h e n  f l i p p i n g  t h e  hoop over  and away from t h e  t r e e  
t runk .  Th is  p r o c e s s  was repea ted  u n t i l  t h e  edge of t h e  canopy was 
reached (F ig .  3-3B). Numbers of pods p e r  hoop from ground samples were 
averaged ,  t h e n  e x t r a p o  a t e d  t o  pods p e r  m2 and m u l t i p l e d  by t h e  average  1 t r e e ' s  ground cover  (m ) t o  e s t i m a t e  average  pod f a l l  benea th  a  mesqu i te  
t r e e  on a  g iven  t r a n s e c t .  

The t o t a l  e s t i m a t e d  ground p l u s  f o l i a g e  c o u n t s  gave t h e  e s t i m a t e d  pod 
p roduc t ion  p e r  t r e e .  T h i s  f i g u r e  m u l t i p l e d  by e s t i m a t e d  trees p e r  40 h a  
(100 a )  y i e l d e d  pod produc t ion  p e r  40 ha. 

The nonparametr ic  Kruskal-Wallis  one-way a n a l y s i s  of v a r i a n c e  t e s t  and 
Dunn's M u l t i p l e  Comparison t e s t  (Hol lander  and Wolfe 1973) were used t o  
de te rmine  d i f f e r e n c e  i n  pod p roduc t ion  between d i f f e r e n t  s t r u c t u r a l  
t y p e s  and y e a r s .  T e s t s  were run on mean number p e r  40 ha  f o r  b o t h  honey 
mesqui te  and screwbean mesqui te  and on mean number pe r  t r e e  f o r  honey 
mesqui te .  A l l  means were t ransformed by c o n v e r t i n g  t o  n a t u r a l  l o g s .  

RESULTS 

Cot tonwood 

Annual growth c y c l e  f o r  cottonwood s t a r t e d  i n  February ,  w i t h  shoo t  
growth and new l e a v e s  appear ing  on a l l  t r e e s  checked i n  b o t h  y e a r s  ( n  = 
8 ) .  Cottonwoods had t h e  s h o r t e s t  f lower ing  p e r i o d  of a l l  f i v e  t r e e  
s p e c i e s ,  w i t h  f l o w e r s  appear ing  i n  March and d i s a p p e a r i n g  by mid-April.  
Stem growth cont inued u n t i l  September,  and t e r m i n a l  growth of marked 
branches  averaged 25 cm/season (10 i n ) .  Leaf l e n  t h  ave  aged 6.5 cm S 5 (2.6 i n )  and l e a f  d e n s i t y  was approximately  170/m ( 5 / f t  ). Leaf c o l o r  
f i r s t  s t a r t e d  changing i n  September, and 100% of t h e  t r e e s  ( n  = 4 )  were 
dropping l e a v e s  i n  December. Trees  remained dormant throughout  much of 
December and January.  
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Screwbean Mesquite 

Honey Mesqui te  

V= g a a  [ b2- 1 .A] 

[]a = pod  producing fol iage 

h=height  t o  lowest  vegetat ion 

H= overa l l  height (ft.) 

a,= H - h a,= (H - h ) / 2  

bl= D / 2  b2= b l  - 0.984 ( ft.) 

Figure 3-2. Diagrams showing measurements taken of mesquite trees to 
determine area and volume. 
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- -p - - - 
I 0.984 ft. 

Figure 3-3. Diagrams showing method used in determining pod 

numbers. Fig. 3-3 A depicts the determination 
of pod numbers on the tree. Fig. 3-3 B indicates 
hoop placement under the tree for determination 
of pod numbers on the ground. 
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Willow 

Willows a l s o  s t a r t e d  t h e i r  growth c y c l e  i n  February ,  w i t h  new l e a v e s ,  
stem growth,  and f l o w e r s  a l l  a p p e a r i n g  by t h e  end of t h e  month. 
Flowering con t inued  through J u l y ,  w i t h  f r u i t s  f i r s t  appear ing  i n  May and 
p e r s i s t i n g  u n t i l  l a t e  August. Terminal growth cont inued u n t i l  September 
and averaged 37.4 cm (14.7 i n )  Leaf 1 n g t h  averaged 9.0 cm (3.5 i n )  

'2 5 and mean l e a f  d e n s i t y  was 225/m ( 2 0 / f t  1. C a t k i n s  averaged 5.0 cm ( 2  
2 2 i n )  and a t  t h e i r  peak averaged a d e n s i t y  of 75/m ( 7 / f t  ). I n  November 

l e a v e s  s t a r t e d  t o  change c o l o r ,  and by December t h e r e  was a 100% change 
and l e a v e s  began dropping.  I n  J a n u a r y ,  t h e  t r e e s  were ba re .  Data a r e  
from 13 t r e e s .  

Honey Mesquite 

Honey mesqu i te  began i t s  growing season  i n  l a t e  March and e a r l y  A p r i l  
( F i g .  3-4). Trees  were u s u a l l y  f u l l y  l e a f e d  o u t  by t h e  f i r s t  of May; 
average  l e a f  l e n g t h  was 6.0 cm (2.4 i n ) .  New stem growth i n c r e a s e d  
r a p i d l y  between March and A p r i l  ( F i g .  3-5) and t h e n  slowed, b u t  growth 
con t inued  u n t i l  l a t e  September o r  e a r l y  October.  Annual new stems 
averaged 30.6 cm (12 i n ) .  

Flowers f i r s t  appeared i n  abundance i n  A p r i l ,  w i t h  100% ( n  = 16)  of t h e  
marked t r e e s  f lowering.  Honey m e s q u i t e  t r e e s  con t inued  t o  f lower  
through November, a l though  t h e  peak w a s  from A p r i l  t o  June.  Sp ikes  
averaged 7 cm (2 .8  i n )  long.  Mean d e n s i t y  f o r  t h e  peak (Apr i l - June)  

2 2 season  was 125.71m ( 1 1 . 4 / f t  ). Dens i ty  i n  t h e  l a  t e r  p a r t  of t h e  5 season  (October-November) was on ly  27.8/m ( 2 . 5 / f t  ). Data a r e  from 15 
t r e e s .  

Trees  s t a r t e d  t o  bear  pods i n  May and cont inued t o  do so u n t i l  November. 
Although most t r e e s  bore  f r u i t  i n  J u l y ,  August, and September,  t h e r e  was 
no s i n g l e  month i n  which a l l  t r e e s  had pods; t h i s  s u g g e s t s  v a r i a b l e  
seed ing .  

Leaves on honey mesqu i te  s t a r t e d  changing c o l o r  i n  September and began 
t o  drop i n  e a r l y  November. By t h e  end of December most of t h e  t r e e s  
were b a r e ,  and they  were dormant i n  January  and February.  

Honey Mesquite Pod Produc t ion  

8 
6 The mean number of honey mes u i t e  pods was 4.5 X 10 pods/40 ha .  The 

maximum number was 54.9 X 10 pods/40 ha .  The m a j o r i t y  of pods dropped 
i n  August and September. Pod drop was s i m i l a r  t o  t h a t  of screwbean 
mesqu i te  i n  t h a t  by November most t r e e s  were b a r e  , (70%) ,  and i n  December 
pods were a b s e n t  on most t r a n s e c t s .  

Unl ike  screwbean mesqu i te ,  honey mesqu i te  showed s i g n i f i c a n t  d i f f e r e n c e s  
i n  pod p roduc t ion  between y e a r s  (P<0.049; Table  3-1; F ig .  3-6). The 
maximum number of pods was found i n  1978 (which was g r e a t e r  [P<0.05] 
t h a n  1977 o r  1976). Also pod p roduc t ion  i n  1976 was g r e a t e r  (P<0.05) 
t h a n  i n  1977. S t r u c t u r a l  t y p e s  a l s o  showed some v a r i a t i o n  (P<0.1) i n  
b o t h  pods140 ha  and pods produced p e r  t r e e .  S t r u c t u r a l  t y p e  111 
produced more pods (P<0.05) t h a n  types  I V ,  V ,  and V I ,  b u t  among t y p e s  
I V ,  V ,  and V I  t h e r e  was no d i f f e r e n c e  (Tab le  3-2; Fig .  3-7). 



JAN FEB MAR APR MAV JUN JUL AUG SEP OCT NOV DEC 

1976 

- Leaves - 4 Flowers 
. . . . . . . Pods 

Figure  3-4. P e r c e n t  of  honey mesqu i t e  t r e e s  b e a r i n g  l e a v e s ,  f l o w e r s ,  and pods a t  monthly 
i n t e r v a l s  d u r i n g  1976. 
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6 Table 3-1. Mean number of honey mesquite pods140 ha (100 a) ( X  10 ) by 
year, 1976-1978 across all structural types. 

Year 

Month 

Augus t September October November 

1976 

Mean 1.25 

SD 3.6 

N 19 

1977 

Mean 0.436 2.6 0.06 

SD 1.0 10.7 0.2 

N 2 1 2 1 19 

1978 

Mean 9.7 16.3 7.95 

SD 9.2 25.7 12.3 

N 4 4 4 



Vegetation Management - 52 

AUG SEP OCT NOV AUG SEP OCT NOV 

Figure 3-6. A. :lean number of honey mesquite pods/40 ha by structural 
type. B. Mean pod production/40 ha for all structural types 
for three years. 
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6 Table  3-2. Mean number of honey mesqu i te  pods/40 h a  (100 a )  (X 10 ) by 
s t r u c t u r a l  type .  

Month 

Type August September October November 

I11 

Mean 9.58 

SD 9.57 

N 5 

I V  

Mean 0.43 

S D 1.05 

N 23 

Mean 

SD 

N 

V I  

Mean 1.44 

SD 2.6 

N 7 
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AUG SEP OCT NOV 

1978 

AUG SEP OCT NOV 

1978 

F i g u r e  3-7.  Comparison of  mean number o f  honey m e s q u i t e  p o d s / 4 0  h a  by 
s t r u c t u r a l  t y p e  by y e a r .  
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Screwbean Mesquite 

Leaves f i r s t  appeared on screwbean mesqui te  i n  l a t e  March and e a r l y  
A p r i l ,  and by t h e  end of A p r i l  t h e  t r e e s  were u s u a l l y  i n  f u l l  l e a f  ( F i g .  
3-8). New stem growth c l o s e l y  fol lowed t h e  beginning of l e a f  
p r o d u c t i o n ,  and stems cont inued t o  grow u n t i l  September,  when t h e y  
reached an average l e n g t h  of 29.9 cm (11.8 i n ) .  Flowers f i r s t  appeared 
i n  May, and i n  June a l l  t r e e s  examined were f lower ing .  By August t h e  
number of t r e e s  f lower ing  g e n e r a l l y  d e c r e a s e d ,  and by November no t r e e s  
were f lower ing .  Pods f i r s t  appeared i n  J u n e ,  and 100% of a l l  t r e e s  ( n  = 
8 )  examined from June  through August bore  f r u i t .  Pod drop began i n  
August and cont inued u n t i l  November, when no t r e e s  con ta ined  pods. I n  
November l e a v e s  s t a r t e d  t o  change c o l o r  and d r o p ,  and by January  and 
February t h e  t r e e s  were dormant. 

Screwbean Mesquite Pod Produc t ion  

Screwbean mesqui te  a long t h e  Colorado R i v e r  produced an  ex t remely  l a r g e  
number of pods. The r a g e  number of pods produced per  y e a r  a long  t h e  
t r a n s e c t s  w a s  41.9 X pods/40 ha .  The maximum number found on any 
t r a n s e c t  was 240 X 10 

The m a j o r i t y  of pods dropped i n  August ,  excep t  d u r i n g  1978 when most 
dropped i n  September ( F i g .  3-9). By November t r e e s  were u s u a l l y  b a r e  of 
pods and on ly  a f r a c t i o n  remained on t h e  ground. By December no pods 
were found on most t r a n s e c t s .  

Pod p r o d u c t i v i t y  remained much t h e  same ( n o t  s i g n i f i c a n t  a t  P>0.1; Tab le  
3-3) over  t h e  t h r e e  y e a r s .  However, d i f f e r e n t  s t r u c t u r a l  t y p e s  produced 
a s i g n i f i c a n t l y  (P(0.01) d i f f e r e n t  number of pods/40 ha .  S t r u c t u r a l  
t y p e s  I1 and I11 showed no d i f f e r e n c e s  (P(0.1) bu t  b o t h  produced more 
pods (P<0.05) t h a n  types  I V  o r  V (Tab le  3-4; F ig .  3-10),  and t y p e  V I  
produced s i g n i f i c a n t l y  more pods t h a n  type  V.  

S a l t  Cedar 

I n  l a t e  February and e a r l y  March new growth,  l e a v e s ,  and f l o w e r s  
appeared on some s a l t  cedar  t r e e s  (16%) .  New stem growth con t inued  
u n t i l  November, w i t h  t h e  average  stem measur ing 56.6 cm (22.3 i n ) .  The 
l a r g e s t  i n c r e a s e  i n  new stem growth occur red  d u r i n g  May ( F i g .  3-11). 
S a l t  c e d a r  s t a r t e d  t o  f lower  i n  March; peak f lower ing  occur red  i n  May 
and June.  Seven of t h e  17 t r e e s  were s t i l l  f l o w e r i n g  i n  October ( F i g .  
3-12),  b u t  no f l o w e r s  were recorded  i n  November o r  December. D e n s ' t y  of 
f lowerq d u r i n g  t h e  peak f lower ing  p e r i o d  (May-June 1976) was 416/m 3 
( 3 8 / f t  ). Average l e a f  l e n g t h  w a s  8.2 cm (3.2 i n ) .  Leaves s t a r t e d  
changing c o l o r  i n  October and were dropping by November. By t h e  end of 
December a lmost  a l l  t h e  l e a v e s  had dropped,  and t h e  t r e e s  were dormant 
i n  January  and e a r l y  February.  

DISCUSSION 

Although t h e r e  was some i n t r a s p e c i f i c  v a r i a b i l i t y  i n  growing s e a s o n s ,  
d i f f e r e n t i a l  t r e n d s  were observed between t r e e  s p e c i e s .  Three of t h e  
dominant p h r e a t o p h y t i c  s p e c i e s  (cot tonwood,  wi l low,  and s a l t  c e d a r )  
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Figure 3-8. Percent  of screwbean mesquite t r e e s  bear ing  l eaves ,  f lowers ,  and pods a t  monthly 
i n t e r v a l s  during 1976 .  
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Figure 3-9. Comparison of mean number of screwbean mesquite pods/40 ha 
by structural type and sampling year (1976-1978). 
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6 Table 3-3. Mean number ( X  10 ) of screwbean mesqui te  pods140 ha (100 a )  
by y e a r ,  1976-1978. 

Month 

Year August September October November 

1976 

Mean 

SD 

N 

1977 

Mean 

SD 

N 

1978 

Mean 

SD 

N 
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6 Table 3-4. Mean number ( X  10 ) of screwbean mesqui te  pods/40 ha  (100 
a )  by s t r u c t u r a l  type. 

- 
Month 

Type August September October November 

I1 

Mean 

SD 

N 

111 

Mean 

SD 

N 

IV 

Mean 

SD 

N 

v 

Mean 

SD 
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Figure 3-10. Comparison of mean number of screwbean mesquite pods/40 ha 
by structural type and year. 
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began t h e i r  growing season  i n  February d u r i n g  b o t h  y e a r s  (1975 and 
1976).  The g e n e t i c a l l y  determined growing season  of mesqu i te  (McMillan 
and Peacock 1964, Peacock and McMillan 1965) s t a r t e d  i n  l a t e  March and 
A p r i l ,  t h e  same t ime  t h e  o t h e r  t h r e e  t r e e  s p e c i e s  were i n  f lower .  
Cottonwood and wi l low were t h e  f i r s t  t o  f i n i s h  f r u i t i n g .  The two 
s p e c i e s  of mesqu i te  and s a l t  cedar  f lowered and f r u i t e d  l a t e  i n t o  t h e  
y e a r  (November) and t h e s e  t h r e e  were t h e  l as t  t o  become dormant. T h i s  
d i f f e r e n c e  i n  t h e  growing s e a s o n s  of t h e  f i v e  dominant t r e e  s p e c i e s  
occupying t h e  banks of t h e  Colorado River  a r e  i n f l u e n c i n g  f a u n a l  u s e  of 
v a r i o u s  h a b i t a t s  and use  of s p e c i f i c  t r e e  s p e c i e s  w i t h i n  communities. 

I n  our  a r e a ,  a l l  57 of t h e  i n d i v i d u a l  t r e e s  s t u d i e d  dropped t h e  growth 
a t t a i n e d  d u r i n g  t h e  growing season ;  t h u s  t h e y  were t h e  same s i z e  a t  t h e  
end of t h e  growing season as a t  t h e  beg inn ing .  It seems t h a t  new growth 
on mature t r e e s  is  dropped a t  t h e  end of t h e  growing season  (Simpson 
1977). Many p a r a s i t e s  a t t a c k  young growth,  t h u s  shedding t h i s  growth 
may be a p r o t e c t i v e  mechanism (Simpson 1977).  

The two s p e c i e s  of mesqu i te  a l s o  showed v a r i a t i o n  i n  growing seasons .  
Honey mesqu i te  began t o  grow a l i t t l e  e a r l i e r  and was abou t  a month 
ahead of screwbean mesqui te  i n  a l l  s t a g e s  of growth. Honey mesqu i te  
tended t o  f lower  e a r l i e r ,  b u t  b o t h  s p e c i e s  f lowered about  1.5 t o  2 
months b e f o r e  t h e  summer r a i n s .  Timing of f l o w e r i n g  i n  mesqu i te  i s  
i n i t i a t e d  by changing day l e n g t h  and normal ly  o c c u r s  about  1.5 t o  2 
months p rev ious  t o  t h e  r a i n y  season.  T h i s  a s s u r e s  t h a t  many of t h e  
s e e d s  a r e  dropped when t h e  ground is  m o i s t ,  a l l o w i n g  f o r  h i g h e r  
ge rmina t ion  r a t e s  and f o r  t h e  developing r o o t  sys tem t o  r e a c h  a 
s u s t a i n i n g  m o i s t u r e  supply (Simpson e t  a l .  1977).  About 3% of  mesqu i te  
f l o w e r s  i n i t i a t e  f r u i t  development and o n l y  one-half  t o  one- thi rd  of 
t h e s e  produce f r u i t s  ( S o l b r i g  and Contino 1975).  Although honey 
mesqui te  f lowered f o r  a l o n g e r  pe r iod  of t i m e ,  i t  d i d  n o t  produce pods 
f o r  a l o n g e r  pe r iod .  I n  f a c t ,  d u r i n g  t h e  summer of 1976, when a l l  
screwbean mesqui te  t r e e s  observed b o r e  pods ,  o n l y  65% of t h e  honey 
mesqui te  t r e e s  had pods. Leaf change and l e a f  d rop  occur red  e a r l i e r  i n  
honey m e s q u i t e ,  b u t  bo th  mesqu i te  s p e c i e s  were dormant i n  January  and 
February.  There was a l s o  c o n s i d e r a b l e  v a r i a t i o n  between y e a r s  and from 
t r e e  t o  t r e e  w i t h i n  each s p e c i e s .  Mooney e t  a l .  (1977) observed 
i n t r a - p o p u l a t i o n  v a r i a t i o n  i n  physiology o f  honey mesqu i te  and 
a t t r i b u t e d  t h i s  t o  d i f f e r e n c e s  i n  t h e  a t t r a c t i v e n e s s  of i n f l o r e s c e n c e s  
t o  i n s e c t  v i s i t o r s  d u r i n g  t h e  f l o w e r i n g  season .  

It i s  n o t  known how o l d  a mesqu i te  t r e e  i s  when i t  f i r s t  f l o w e r s  and 
produces f r u i t .  On our  r e v e g e t a t i o n  p l o t s  n e a r l y  a l l  of t h e  mesqui te  
t r e e s  provided w i t h  t i l l a g e  t o  3 m produced f l o w e r s  and f r u i t  i n  t h e  
t h i r d  growing season.  

As t h e  season  p r o g r e s s e s ,  mesqu i te  pods form, d r o p ,  and a r e  subsequen t ly  
removed by an imals  o r  o c c a s i o n a l l y  by f l o o d i n g .  Readings a t  t h e  
beg inn ing  of t h e  season  showed h igh  t r e e  c o u n t s  and low pod numbers on 
t h e  ground. Pods began t o  d r o p ,  accumulat ing under  t r e e s  u n t i l  pod 
p r o d u c t i o n  ceased.  Ground t o t a l s  dominated u n t i l  a l l  t h e  pods on t h e  
ground were d e p l e t e d  by w i l d l i f e .  Th i s  means t h a t  d u r i n g  midseason some 
pods on t h e  ground (under  t h e  average  t r e e )  were undoubtedly counted 
twice .  Also ,  pods were being removed by an imals  from the  t ime they  
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became a v a i l a b l e  u n t i l  t h e y  were d e p l e t e d .  Monthly f i g u r e s  f o r  pods p e r  
40 ha  i s  a  cumula t ive  one. To g e t  a n  approx imat ion  of a b s o l u t e  
p roduc t ion  from t h e s e  t o t a l s ,  t h e  month w i t h  t h e  h i g h e s t  pod count  can  
be cons idered  a s  t h e  l e a s t  amount of pods produced i n  a  p a r t i c u l a r  
v e g e t a t i o n  type  f o r  t h a t  season.  

Along t h e  Colorado R i v e r ,  screwbean me q u i t e  t r e e s  p  oduced a  much 8 l a r g e r  number of pods/40 ha  (41.9 X 10 v s .  4.5 X 10 ) t h a n  d i d  honey 
mesqui te  t r e e s .  Screwbean mesqui te  t r e e s  a l s o  tended t o  drop t h e  
m a j o r i t y  of t h e i r  pods s l i g h t l y  e a r l i e r  t h a n  d i d  honey mesqu i te  
(August-September) t r e e s .  Screwbean mesqui te  d i d  n o t  d i f f e r  i n  
p r o d u c t i v i t y  between y e a r s ;  however, i t  d i d  d i f f e r  s i g n i f i c a n t l y  between 
s t r u c t u r a l  t y p e s .  T h i s  i s  because  s t r u c t u r a l  t y p e s  II and III c o n s i s t  
of o l d e r ,  l a r g e r ,  o r  h e a l t h i e r  t r e e s  t h a n  t y p e s  I V  and V. Presumably 
m a t u r i t y  was n o t  a  f a c t o r ,  s i n c e  we s t u d i e d  o n l y  mature  t r e e s .  

T r e e s  of s m a l l e r  s t a t u r e  i n d i c a t e  s t r e s s  c o n d i t i o n s  such as h i g h  
s a l i n i t y  o r  low w a t e r  a v a i l a b i l i t y .  For example, Type V v e g e t a t i o n  i s  
o f t e n  l o c a t e d  a d j a c e n t  t o  d e s e r t  a r e a s  o r  i n  h i g h l y  s a l i n e  a r e a s  
(Anderson and Ohmart unpubl.  d a t a ) .  Water s h o r t a g e  o r  s a l i n e  c o n d i t i o n s  
seems t o  r e s u l t  i n  reduced s u r v i v a l  and d i m i n u t i v e  s t a t u r e  of t r e e s  
which do s u r v i v e .  

Honey mesqu i te  v a r i e d  b o t h  i n  v e g e t a t i o n  s t r u c t u r a l  t y p e  and i n  annua l  
product ion.  We b e l i e v e  t h e  d i f f e r e n c e  i n  s t r u c t u r a l  t y p e s  can be 
exp la ined  a l s o  by d i f f e r e n c e s  i n  s i z e ,  m a t u r i t y ,  and h e a l t h  of t r e e s .  
The annual  p r o d u c t i o n  d i f f e r e n c e ,  though, a p p e a r s  t o  be r e l a t e d  t o  
c l i m a t o l o g i c a l  f a c t o r s ,  and p a r t i c u l a r l y  t o  p r e c i p i t a t i o n .  I n  1976 and 
1978 when t h e r e  were heavy w i n t e r  r a i n s  ( F i g .  3-13),  honey mesqu i te  had 
much h i g h e r  pod p r o d u c t i v i t y  t h a n  i n  1977. I n  1978, which had t h e  
h i g h e s t  w i n t e r  p r e c i p i t a t i o n ,  honey mesqu i te  had t h e  g r e a t e s t  pod 
p r o d u c t i v i t y .  We b e l i e v e  t h e  r e a s o n  t h a t  honey mesqu i te  i s  a f f e c t e d  by 
r a i n f a l l  and screwbean mesqui te  a p p e a r s  n o t  t o  be so  a f f e c t e d  i s  because  
honey mesqu i te  t e n d s  t o  be l o c a t e d  f a r t h e r  from t h e  r i v e r  on h i g h e r  
t e r r a c e s .  Fur thermore,  honey mesqu i te  t r e e s  n o t  on ly  have a  long 
t a p r o o t  ( u p  t o  50 m; P h i l l i p s  1963),  b u t  t h e y  a l s o  have a n  e x t e n s i v e  
l a t e r a l  r o o t  system t o  c o l l e c t  s u r f a c e  wa te r  when i t  i s  a v a i l a b l e  
(Simpson 1977) .  When s u r f a c e  wa te r  i s  i n  low supp ly  o r  a b s e n t ,  t r e e s  
must b r i n g  w a t e r  up from t h e  wate r  t a b l e ,  which may be 4  m o r  more 
benea th  t h e  s o i l  s u r f a c e .  Screwbean mesqui te  o c c u r s  a long  o r  more 
proximal t o  t h e  r i v e r  and probably  h a s  a  more s t a b l e  wa te r  supply .  It 
a l s o  has  t o  expend l e s s  energy t o  t r a n s p o r t  w a t e r  t o  t h e  growing p a r t  of 
t h e  t r e e .  

Mesquite i s  t h e  dominant phrea tophyte  of t h e  New World d e s e r t s  (Simpson 
and S o l b r i g  1977).  T h e r e f o r e  it is  an  impor tan t  p i r t  of t h e  d e s e r t  
ecosystem and i s  used by many s p e c i e s  of p l a n t s  and animals .  Simpson e t  
a l .  (1977) found more animal s p e c i e s  a s s o c i a t e d  w i t h  mesqu i te  t h a n  any 
o t h e r  d e s e r t  s c r u b  p l a n t .  Mesquite 's  l a r g e  number of f l o w e r s  and f r u i t s  
p rov ide  an e x c e l l e n t  food r e s o u r c e ,  b u t  a l s o  o t h e r  f e a t u r e s  such a s  i t s  
t a l l ,  l e a f y  h a b i t ,  i t s  complex branching p a t t e r n ,  and i t s  d i s t r i b u t i o n  
a long  w a t e r c o u r s e s  o r  i n  a r e a s  w i t h  a  sha l low wate r  t a b l e  p rov ide  o t h e r  
important  h a b i t a t  parameters  f o r  d e s e r t  s c r u b  organisms. 
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F i g u r e  3-13. Tempera tu re  and p r e c i p i t a t i o n  from 1976  t o  1978  on 
t h e  l ower  Co lo rado  R i v e r  ( B l y t h e ) .  
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The canopy of mesqui te  i s  impor tan t  f o r  many v a s c u l a r  p l a n t s  i n  d e s e r t  
s c r u b  communities. It prov ides  s h e l t e r  from t h e  sun ,  s o i l  d r o u g h t ,  and 
i n  some c a s e s  s h e l t e r  from g r a z i n g  animals  (Mares e t  a l .  1977). Mares 
e t  a l .  (1977) found a  d i s t i n c t  d i f f e r e n c e  i n  numbers and s p e c i e s  
composi t ion under t h e  canopy of mesqu i te  i n  t h e  f u l l  sun. They found 
t h a t  annual  g r a s s e s  grew more i n  f u l l  s u n l i g h t  bu t  t h a t  f o r b s  
(herbaceous  p l a n t s )  p r e f e r r e d  t h e  shaded canopy. Forbs  p rov ide  an  ample 
supp ly  of s e e d s  f o r  g ran ivorous  b i r d s  and s m a l l  mammals. Mesquite a l s o  
p rov ides  t h e  n e c e s s a r y  requ i rements  f o r  t h e  p a r a s i t e ,  m i s t l e t o e ,  which 
i s  impor tan t  t o  many b i r d  s p e c i e s .  

Mesquite p rov ides  an  e x c e l l e n t  food r e s o u r c e  f o r  l i t e r a l l y  thousands  of 
i n s e c t s .  Leaf f e e d e r s ,  f lower  v i s i t o r s ,  f r u i t  f e e d e r s ,  and s p i d e r s  a l l  
use  mesqui te .  Mesquite f lower  u n i t s  p rov ide  an extremely h i g h  s u g a r  
source  (x = 2.4 mg/day; Simpson e t  a l .  1977) f o r  many i n v e r t e b r a t e s .  
Some of t h e  more common o r d e r s  of i n s e c t s  a r e  D i p t e r a ,  C o l e o p t e r a ,  
Lep idop te ra ,  and Hymenoptera. I n  t h e  sou thwes te rn  Uni ted S t a t e s  more 
t h a n  160 s p e c i e s  of s o l i t a r y  b e e s  have been recorded u s i n g  mesqu i te  
i n f l o r e s c e n c e s ,  96 of which a r e  s p e c i f i c  (Simpson e t  a l .  1977).  Both 
i n v e r t e b r a t e  e x t e r n a l  and i n t e r n a l  f e e d e r s  of mesqu i te  f r u i t s  a r e  
common. The most abundant a r e  t h e  hemipteran l e a f - f o o t e d  bug (Mozena 
o b t u s a ,  Ueckert  1973) l e p i d o p t e r a n  l a r v a e ,  and members of t h e  f a m i l y  
Bruchidae ( C o l e o p t e r a ,  Kingsolver  1972). 

I n  our s t u d i e s  of t h e  f o r a g i n g  behavior  and food h a b i t s  of numerous 
i n s e c t i v o r o u s  b i r d s  we have found t h a t  Ruby-crowned K i n g l e t s  (Laurenz i  
e t  a l .  1982) ,  Yellow-rumped Warblers  (Anderson e t  a l .  ms) and a  h o s t  of 
o t h e r  b i r d  s p e c i e s  a r e  g r e a t l y  a t t r a c t e d  t o  t h e  p o l l e n ,  n e c t a r ,  and 
i n s e c t s  which a r e  p r e s e n t  when cottonwoods,  wi l lows ,  and honey mesqu i te  
a r e  i n  bloom. Pods of honey and screwbean mesqui te  a r e  ex t remely  
impor tan t  t o  Gambel Quai l  (Chap te r  8 ) ,  c o y o t e s  (Chapter  1 2 ) ,  and 
numerous r o d e n t s  (Howell 1976) ,  which depend mainly  on t h i s  r e s o u r c e  
dur ing  t h e  f a l l  and w i n t e r  months when food s u p p l i e s  and d i v e r s i t y  of 
food i tems a r e  o f t e n  s e v e r e l y  r e s t r i c t e d .  
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CHAPTER 4 

BIRD SPECIES OF THE LOWER COLORADO RIVER VALLEY: 
AN ANNOTATED CHECKLIST 

INTRODUCTION 

This  chapter  consol ida tes  d i s t r i b u t i o n a l ,  seasonal ,  and abundance d a t a  
on the  385 b i r d  spec ies  known t o  have occurred i n  t he  Lower Colorado 
River v a l l e y  from Davis Dam t o  t h e  Mexican border.  Information was 
gathered from a v a r i e t y  of sources.  In  a d d i t i o n  t o  records  obtained 
from the  av i f auna l  censuses during 1974-1981, a simultaneous record of 
d a t a  on migra t ion  and of b i r d s  de t ec t ed  away from immediate s tudy p l o t s  
was kept  i n  the  form of personal  f i e l d  no te s  and a c e n t r a l i z e d  f i l e  on 
Colorado River b i rds .  This  f i l e  now se rves  a s  the  b a s i s  f o r  the  p re sen t  
c h e c k l i s t .  It was kept  cu r r en t  by t h e  e f f o r t s  of b i o l o g i s t s  Kenneth V. 
Rosenberg, Alton E. Higgins 11, Bret M. Whitney, Sharon Goldwasser, 
Richard Mar t in ,  and Mark Kasprzyk. 

Most pas t  knowledge of t h e  va l l ey ' s  av i fauna  was gleaned from t h e  
published work of P h i l l i p s  A., J. Marsha l l ,  and G. Monson. 1964. - The 
Birds of Arizona, Univers i ty  of Arizona P r e s s ,  Tucson, and from t h e  -- 
exhaus t ive  personal  no tes  and knowledge of Gale Monson. Other published 
records  were taken from the  seasonal  r e p o r t s  i n  American Birds and i t s  
predecessor ,  Audubon - Fie ld  -9 Notes from 1953 t o  t he  present .  

The format of each spec ies  account i s  i n  t h r e e  o r  four  p a r t s .  F i r s t ,  
t h e  seasonal  s t a t u s  i s  descr ibed i n  terms c o n s i s t e n t  w i th  t h e  bar  graphs 
t h a t  follow. Abundance terms a r e  def ined  i n  the  " In t roduct ion  t o  t h e  
Bar Graphs" below. Spec i f i c  information on records of many r a r e  o r  
ca sua l  spec i e s  is  l i s t e d  i n  t h i s  s e c t i o n  ( a s  we l l  a s  s i g n i f i c a n t  maximum 
counts  of some spec i e s ) .  

The "Habitat" s e c t i o n  provides a breakdown of t he  broad vege ta t ion  types 
considered s u i t a b l e  f o r  each spec ies .  Deta i led  da t a  a r e  provided f o r  
spec i e s  under study ( s e e  a l s o  Chapters 5 and 6 ) ,  and more genera l  
information i s  given f o r  o the r  r a r e  o r  poorly known spec ies .  A h a b i t a t  
code is a l s o  presented wi th  t h e  bar  graphs. 

The "Food" and "Breeding" s e c t i o n s  (where appropr ia te )  s i m i l a r l y  supply 
d e t a i l e d  information from f i e l d  s tudy ,  i f  ava i l ab l e .  General accounts  
f o r  o the r  spec ies  were taken l a r g e l y  from t h e  l i f e  h i s t o r y  pub l i ca t ions  
of Arthur Cleveland Bent (1923-1968, U.S. Nat. Mus,. Bull .  Nos. 107, 113, 
126, 130, 135, 142, 146, 162, 167, 170, 174, 179, 191, 196, 197, 203, 
211, 237. Washington, D.C.). 

INTRODUCTION TO THE BAR GRAPHS 

Bar graphs a r e  a p i c t o r i a l  r ep re sen ta t ion  of the  seasonal  s t a t u s  of each 
spec i e s .  In gene ra l ,  t he  length  of each l i n e  corresponds t o  a spec i e s '  
per iod of occurrence i n  t he  lower Colorado River v a l l e y  and t h e  width of 
t h e  l i n e  s i g n i f i e s  t he  spec ies '  abundance a t  t h a t  time. I n  many c a s e s ,  
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t h e  graphs  a r e  an o v e r s i m p l i f i c a t i o n  and t h e  t e x t  should  be consu l ted  
f o r  s p e c i e s  of i n t e r e s t .  

Along w i t h  t h e  abundance d e s i g n a t i o n s  a r e  codes f o r  t h e  major h a b i t a t s  
used by each s p e c i e s .  For v e r y  r a r e  s p e c i e s ,  t h e  code may r e p r e s e n t  t h e  
h a b i t a t  i n  which p a r t i c u l a r  r e c o r d s  were o b t a i n e d  and n o t  n e c e s s a r i l y  
a l l .  h a b i t a t s  of p o t e n t i a l  use .  The h a b i t a t  codes a r e  a s  f o l l o w s :  

0  = open w a t e r ,  mainly  a r t i f i c i a l  l a k e s  and r e s e r v o i r s .  

R = r i v e r ;  f lowing  channe l ,  exposed b a r s  and s h o r e l i n e .  

M = marsh; emergent v e g e t a t i o n  a long  r i v e r  c h a n n e l ,  backwaters ,  l a k e s ,  
e t c .  

V = r i p a r i a n  v e g e t a t i o n ;  i n c l u d e s  a l l  n a t u r a l  p l a n t  communities w i t h i n  
f l o o d p l a i n .  

D = d e s e r t ;  i n c l u d e s  washes and f l a t s  immediately a d j a c e n t  t o  r i v e r  o r  
f l o o d p l a i n .  

A = a g r i c u l t u r a l  l and ;  i n c l u d e s  c u l t i v a t e d  c r o p s ,  b a r e  f i e l d s ,  
o r c h a r d s ,  c a n a l s ,  and r u r a l  r e s i d e n c e s .  

U = urban o r  suburban r e s i d e n t i a l  communities. 

The fo l lowing  abundance codes i n d i c a t e  a  s p e c i e s '  "average" s t a t u s  i n  
i t s  p r e f e r r e d  h a b i t a t ( s ) .  It may be more numerous l o c a l l y ,  o r  l e s s  
common i n  o t h e r  h a b i t a t s .  For s p e c i e s  whose abundance v a r i e s  
g e o g r a p h i c a l l y  w i t h i n  t h e  r i v e r  v a l l e y ,  t h i s  i s  c l e a r l y  s t a t e d  i n  t h e  
t e x t .  

COMMON, o r  l o c a l l y  abundant ;  always p r e s e n t  i n  moderate t o  
l a r g e  numbers i n  proper  h a b i t a t .  

FAIRLY COMMON, o r  l o c a l l y  common; always p r e s e n t  bu t  
u s u a l l y  i n  s m a l l  numbers, i n  p roper  h a b i t a t .  

UNCOMMON; o c c u r s  l o c a l l y  o r  p a t c h i l y  and i n  smal l  numbers 
a t  t h e  g iven  season.  

RARE; o c c u r s  a n n u a l l y  d u r i n g  t h e  p e r i o d  i n d i c a t e d  b u t  
g e n e r a l l y  i n  ve ry  s m a l l  numbers, o r  extremely l o c a l l y  and 
i n  smal l  numbers. 

................ CASUAL; r e c o r d s  a r e  t o o  numerous t o  show i n d i v i d u a l l y ,  b u t  
occurrence i s  s p o r a d i c  and g e n e r a l l y  unexpected.  

a INDIVIDUAL RECORD; f o r  s p e c i e s  recorded on ly  a  few t i m e s  
o v e r a l l  o r  i n  a  g iven  season.  

* I n d i v i d u a l  r e c o r d ,  showing a  prolonged s t a y  by t h e  .......... 
i n d i v i d u a l ( s )  . 
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When a spec i e s  occurrence or s t a t u s  v a r i e s  from year  t o  year t h i s  i s  
ind ica ted  by a  broken abundance graph. In  those  cases ,  t he  wider ba r  
r ep re sen t s  t he  g r e a t e s t  p o t e n t i a l  abundance and the  narrower connecting 
bar  r ep re sen t s  t he  l e a s t  common s t a t e .  A s  examples: 

w I r r e g u l a r l y  common; common i n  some y e a r s ,  uncommon ( o r  
f a i r l y  common) i n  o the r s .  

.,,,,,,,,,,, Rare and i r r e g u l a r ;  may be absent  some y e a r s ,  bu t  no t  
unexpected a t  t h a t  time. 

* 
Ind ica t e s  breeding spec ies .  
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ANNOTATED CHECKLIST 

Common Loon (Gavia immer) -- 
Sta tus :  Uncommon win te r  v i s i t o r  and mig ran t ,  October t o  e a r l y  

May. Ind iv idua l  b i r d s  r a r e l y  remain through t h e  summer 
months. Sometimes seen i n  smal l  groups on Lake Havasu 
and Lake Mohave i n  November and Apr i l .  May be 
i nc reas ing  a s  a  win te r ing  spec i e s .  Max: 24, 10 A p r i l  
1954, a t  Lake Havasu. 

Hab i t a t :  Deep water a r e a s  such a s  t he  sp i l lways  of dams o r  t h e i r  
r e s e r v o i r s .  

Food : Pr imar i l y  f i s h ,  bu t  a l s o  c r u s t a c e a n s ,  amphibians,  and 
a q u a t i c  i n s e c t s ;  some vege t a t i on .  

Arc t i c  Loon (Gavia a r c t i c a )  
S t a tu s :  Recently a  r a r e  but r egu la r  w in t e r  v i s i t o r  and 

t r a n s i e n t ,  p r imar i l y  i n  t he  no r the rn  p a r t s  of t he  
v a l l e y .  Most records  a r e  from Davis Dam and upper Lake 
Havasu from November through March. I n d i v i d u a l s  have 
l i nge red  through t h e  summer months. 

Habi ta t :  Deep water of sp i l lways  and r e s e r v o i r s .  
Food : Simi la r  t o  Common Loon. 

Red-throated Loon (Gavia s t e l l a t a )  
S t a t u s :  Casual t r a n s i e n t  o r  win te r  v i s i t o r ;  may prove t o  be of 

r egu la r  occurrence. S ight  records  21 November 1947 and 
8-15 June 1948, one photographed on lower Lake Havasu 31 
March-2 Apr i l  1978; and one p re sen t  on upper Lake Havasu 
from 23 December 1980 t o  a t  l e a s t  21 February 1981. 

Habi ta t :  Open water .  
Food : Simi la r  t o  Common Loon. 

Red-necked Grebe (Podiceps gr i segena)  
S t a t u s :  Casual v i s i t o r ;  one i n  breeding plumage photographed 23 

March 1981 on lower Lake Havasu. 
Habi ta t :  Open water.  
Food: Mainly a q u a t i c  i n v e r t e b r a t e s ,  smal l  f i s h .  

Horned Grebe (Podiceps a u r i t u s )  
S t a tu s :  . R a r e  but r egu la r  win te r  v i s i t o r  and t r a n s i e n t ,  

mid-November t o  mid-April. Most of t e n  seen a t  Davis 
Dam, Parker  Dam, and Lake Havasu, bu t  a l s o  a s  f a r  sou th  
a s  Imperial  Dam. 

Hab i t a t :  Reservoirs  and deep sp i l lways  of dams; occas iona l ly  
a long o t h e r  p a r t s  of t h e  r i v e r  dur ing  migrat ion.  

Food : Mainly smal l  f i s h ,  a q u a t i c  i n v e r t e b r a t e s ,  and 
amphibians. 
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Eared Grebe (Pod. -, s n i g r i c o l l i s )  
S t a t u s :  Common winter  v i s i t o r  and t r a n s i e n t ,  November t o  Apr i l ;  

f a i r l y  common t o  uncommon during sp r ing  and f a l l  months. 
Ind iv idua l s  i n  breeding plumage occas iona l ly  seen during 
June and J u l y ,  but  breeding does not  occur.  Large 
f l o c k s  of s e v e r a l  thousand may be p re sen t  on Lake Havasu 
i n  w in te r ,  w i th  s c a t t e r e d  ind iv idua l s  i n  nea r ly  every 
s e c t i o n  of t h e  r i v e r  a t  t h a t  time. 

Habi ta t :  Most numerous on l a r g e  r e s e r v o i r s ;  l e s s  so on main r i v e r  
channels ;  occas iona l ly  i n  marshes, backwaters ,  and 
sewage ponds. 

Food: Mainly a q u a t i c  i n s e c t s  and l a rvae .  

Leas t  Grebe (Podiceps dominicus) 
S t a t u s :  Casual v i s i t o r  from Mexico; nes ted  a t  West Pond near  

Imper ia l  Dam i n  1946. Also seen t h e r e  14 May-22 June 
1955. A few may have been r e s i d e n t  t h e r e  throughout 
t h a t  period. 

Habi ta t :  Marshes, ponds. 
Food : Mainly a q u a t i c  i n s e c t s  and l a rvae .  

Western Grebe (Aechmophorus o c c i d e n t a l i s )  
S t a t u s :  Recent l o c a l  breeder on Lake Havasu. Numbers augmented 

by t r a n s i e n t  and winter ing  b i r d s  from l a t e  August t o  
March. Large win ter  concent ra t ions  occur n o r t h  of 
Parker  Dam; uncommon f a r t h e r  south ,  t o  Imper ia l  Dam and 
M i t t r y  Lake. This  spec i e s  has  increased  d rama t i ca l ly  a s  
a  win ter ing  b i r d  s ince  the  1950's; breeding was f i r s t  
noted i n  1966. 

Habi ta t :  Ca t - t a i l  marshes requi red  f o r  nes t ing .  Otherwise 
p r e f e r s  l a r g e r  l akes  and r e s e r v o i r s ,  r a r e l y  i n  main 
r i v e r  channels.  

Breeding: Nest a  f l o a t i n g  mass of dead r eeds ,  u s u a l l y  anchored t o  
bul rushes ,  u sua l ly  3-4 eggs. Courtship begins i n  March 
and young b i r d s  a r e  seen i n  J u l y  and August. 

Food: F i sh ,  o t h e r  aqua t i c  animals.  

Pied-bi l led Grebe (Podilymbus podiceps) 
S t a tus :  Loca l ly  common throughout t he  year .  Breeds commonly i n  

marshes throughout t he  va l l ey .  Numbers augmented during 
t h e  nonbreeding season (August-March) by no r the rn  
migrants .  Max: 74, 20 December 1980, Yuma Christmas 
Bird Count (CBC) . 

Habi ta t :  Marshes requi red  f o r  breeding; any open water a t  o the r  
t imes. Occurs on l a r g e  l a k e s ,  main r i v e r  channels ,  
backwaters , and r a r e l y  small  ponds and a g r i c u l t u r a l  
cana l s  . 

Breeding: Nest i s  a  f l o a t i n g  mat of vege ta t ion  anchored t o  
emergent marsh vegeta t ion .  Eggs average from 5-7; young 
noted a s  e a r l y  a s  l a t e  March (1958).  

Food : F i s h ,  f r o g s ,  t adpoles ,  aqua t i c  i n v e r t e b r a t e s .  
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Laysan A l b a t r o s s  (Diomedea immutab i l i s )  
S t a t u s :  Casual v i s i t o r .  One found a l i v e  on a  Yuma s t r e e t  on 14 

May 1981. The b i r d  was nursed t o  h e a l t h ,  photographed,  
and r e l e a s e d  i n  t h e  P a c i f i c  Ocean. 

H a b i t a t :  Normally, open ocean. 
Food : Fish .  

Leach Storm-Petre l  (Oceanodroma leucorhoa)  
S t a t u s :  H y p o t h e t i c a l .  A s t o r m - p e t r e l  w i t h  a  w h i t e  rump, 

probably  t h i s  s p e c i e s ,  was s e e n  on Lake Havasu 2 
September 1977. 

H a b i t a t :  Normally, open ocean. 
Food: Small mar ine  i n v e r t e b r a t e s .  

L e a s t  Storm-Petre l  (Halocyptena microsoma) 
S t a t u s :  A c c i d e n t a l  v i s i t o r .  One s e e n  17 September 1976 a t  Davis 

Dam a f t e r  h u r r i c a n e  K a t h l e e n ,  which d e p o s i t e d  t h i s  
s p e c i e s  a t  S a l t o n  Sea and s e v e r a l  o t h e r  i n l a n d  Southwest 
l o c a l i t i e s .  

H a b i t a t :  Open water .  
Food: Tiny mar ine  i n v e r t e b r a t e s .  

White P e l i c a n  (Pe lecanus  e ry th rorhynchos)  
S t a t u s :  Uncommon t r a n s i e n t  ( b u t  sometimes i n  l a r g e  f l o c k s )  

p r i m a r i l y  from March through May and l a t e  September t o  
October.  I n d i v i d u a l s  o r  smal l  groups  r a r e l y  s e e n  d u r i n g  
summer months. A f l o c k  of 250 noted i n  J u l y  1958. Rare 
and i r r e g u l a r  i n  w i n t e r  w i t h  most from t h e  s o u t h e r n  
s e c t o r ,  b u t  up t o  100 have win te red  a t  C ibo la  Lake. 
Max: 3200, 4  October  1956 n e a r  Laguna Dam. 

H a b i t a t :  Most o f t e n  s e e n  m i g r a t i n g  over  t h e  r i v e r  o r  l a k e s ;  
o c c a s i o n a l l y  r e s t s  i n  marshes o r  on sandbars  i n  t h e  
r i v e r .  

Food: P r i m a r i l y  f  i'sh; a l s o  o t h e r  a q u a t i c  v e r t e b r a t e s  l i k e  
t a d p o l e s .  

Brown P e l i c a n  (Pe lecanus  o c c i d e n t a l i s )  
S t a t u s :  Annual post -breeding wanderer from Mexico i n  l a t e  summer 

and e a r l y  f a l l  i n  v e r y  s m a l l  numbers. Most f r e q u e n t  
around I m p e r i a l  Dam bu t  has  occurred n o r t h  t o  Davis Dam 
and even Lake Mead. Occas iona l ly  i n d i v i d u a l s  l i n g e r  
through t h e  w i n t e r  and fo l lowing  s p r i n g .  A l l  r e c o r d s  
a r e  of immatures. The c l o s e s t  b reed ing  c o l o n i e s  a r e  i n  
t h e  Gulf of C a l i f o r n i a .  

H a b i t a t :  P r e f e r s  l a r g e  open water  a r e a s ,  such a s  n e a r  dams. 
Occas iona l ly  f r e q u e n t s  marinas .  

Food : P r i m a r i l y  f i s h .  

Blue-footed Booby ( S u l a  n e b o u x i i )  - 
S t a t u s :  Casual post -breeding wanderer from Mexico i n  l a t e  summer 

and e a r l y  f a l l .  Recorded i n  1953, 1954, 1959, 1971, and 
1977, n o r t h  t o  Lake Havasu. A t  l e a s t  two i n d i v i d u a l s  
have remained through t h e  w i n t e r .  

H a b i t a t :  Open w a t e r ,  such as r e s e r v o i r s  of dams. 
Food : P r i m a r i l y  f i s h  and a q u a t i c  i n v e r t e b r a t e s  a r e  t aken  

o c c a s i o n a l l y .  
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Brown Booby (Sula  l eucogas t e r )  
S t a t u s :  Casual post-breeding wanderer from Mexico i n  l a t e  summer 

Habi ta t :  
Food: 

Double-cres ted 
S t a t u s :  

Habi ta t :  

Breeding : 

Food : 

and e a r l y  f a l l .  Recorded i n  1953, 1958, 1973, and 1977, 
n o r t h  t o  Lake Havasu. One i n d i v i d u a l  remained a t  
Martinez Lake from September 1958 t o  October 1960. 
Open water. 
Same a s  t he  preceding spec i e s .  

Cormorant (Phalacrocorax a u r i t u s )  
Common t r a n s i e n t  and win t e r  r e s i d e n t ,  o f t e n  observed i n  
l a r g e  f l ocks .  F a i r l y  common l o c a l  breeder  a t  Topock 
Marsh and on Imper ia l  Nat ional  W i l d l i f e  Refuge. Winter 
numbers vary  g r e a t l y  from year  t o  year .  Max: 1802, 20 
December 1977, Yuma CBC. 
Requires flooded snags o r  l i v e  r i p a r i a n  t r e e s  f o r  
n e s t i n g ,  u s u a l l y  i n  secluded backwaters.  Occas iona l ly  
seen  on small  ponds and on a g r i c u l t u r a l  c ana l s .  
Nests composed of smal l  s t i c k s  i n  dead f looded t r e e s .  
Usually 3-4 eggs l a i d  from April-May. 
P r imar i l y  f i s h .  

Olivaceous Cormorant (Phalacrocorax o l ivaceus )  
S t a t u s :  Casual v i s i t o r  from Mexico. Recorded 22-23 A p r i l  1972 

near  Imper ia l  Dam, 27 January 1978 a t  Cibola  Lake, and 
20 December 1979 t o  l a t e  January 1980 a t  M i t t r y  Lake. 

Habi ta t :  Open water ,  backwater l akes .  
Food : Mainly f i s h .  

Anhinga (Anhinga anhinga) 
S t a t u s :  Hypothet ical .  Old s i g h t  records  such a s  Laguna Dam, 9 

February 191 3 ,  n o t  s u b s t a n t i a t e d .  

Magnificent F r i g a t e b i r d  (Frega ta  magnif icens)  
S t a t u s :  Rare summer v i s i t o r  from Mexico. Recent ly  of annual  

occurrence (1974-1981), wi th  most records occu r r ing  from 
l a t e  June t o  mid-September, n o r t h  t o  Davis Dam. 

Habi ta t :  Open water;  most o f t e n  seen f l y i n g  h igh  overhead. 
Food : Pr imar i ly  f i s h  and o t h e r  aqua t i c  animals .  

Great  Blue Heron (Ardea he rod ia s )  
F a i r l y  common year-round r e s i d e n t  throughout t h e  v a l l e y .  S t a t u s :  

Habi ta t :  

Breeding : 

Food: 

Usual ly  seen s i n g l y  o r  i n  small  groups,  except  when a t  
r ooke r i e s  and r a r e l y  a s  migratory f l o c k s .  Breeding 
popula t ion  appa ren t ly  augmented by migran ts  from t h e  
n o r t h  and west.  Max: 96,  15 December 1979, Yuma CBC. 
Requires t a l l  r i p a r i a n  t r e e s  f o r  ne s t i ng .  Occurs on 
r iverbanks ,  mudf l a t s ,  marshes,  and occas iona l ly  on 
a g r i c u l t u r a l  cana ls .  
Rookeries form i n  l a t e  February and nes t i ng  cont inues  
through May and June. About 10-12 known rooke r i e s  
between Topock Marsh and Yuma, u s u a l l y  i n  i s o l a t e d  
cottonwood s tands .  Numbers range from 10 t o  15 n e s t s  
per  colony, except  a t  Topock Marsh where up t o  75 n e s t s  
have occurred.  
Mainly f i s h ,  r oden t s ,  and o the r  v e r t e b r a t e s .  
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Green Heron ( B u t o r i d e s  s t r i a t u s )  
S t a t u s :  F a i r l y  common summer r e s i d e n t  from March through 

September i n  s o u t h e r n  h a l f  o f  t h e  v a l l e y ,  l e s s  common 
f a r t h e r  n o r t h .  I n  w i n t e r ,  uncommon i n  t h e  s o u t h ,  r a r e  
bu t  r e g u l a r  f a r t h e r  n o r t h .  Max: 14,  18 December 1978, 
Parker  CBC. 

H a b i t a t :  Requi res  r i p a r i a n  t r e e s  n e a r  wa te r  f o r  n e s t i n g .  
Nonbreeding b i r d s  occur  on r i v e r b a n k s ,  i n  marshes ,  
backwate rs ,  and a g r i c u l t u r a l  c a n a l s .  

Breeding: Not c o l o n i a l ;  b u i l d s  s t i c k  n e s t s  i n  t r e e s  over  o r  n e a r  
wa te r .  

Food : Small f i s h ,  amphibians ,  v a r i o u s  i n v e r t e b r a t e s .  

L i t t l e  Blue Heron ( F l o r i d a  c a e r u l e a )  
S t a t u s :  Casual v i s i t o r  from Mexico i n  s p r i n g  and summer. 

Recorded 9  May 1979 i n  Dome v a l i e y  and 19 J u l y  1979 a t  
Andrade. An odd h e r o n  a t  B i l l  W i l l i a m s  D e l t a  14-15 
August 1976 may have been a  h y b r i d  between t h i s  s p e c i e s  
and t h e  L o u i s i a n a  Heron. 

H a b i t a t :  Riverbank,  marsh. 
Food: Small f i s h ,  amphibians ,  v a r i o u s  i n v e r t e b r a t e s .  

C a t t l e  E g r e t  (Bubulcus - i b i s )  
S t a t u s :  Uncommon and i r r e g u l a r  y e a r  round b u t  o c c a s i o n a l l y  i n  

l a r g e  f l o c k s .  Most numerous i n  s o u t h e r n  p a r t s  of t h e  
v a l l e y ,  e s p e c i a l l y  n e a r  Yuma. F i r s t  recorded i n  1970; 
numbers are i n c r e a s i n g  s lowly.  P resence  of l a r g e  
numbers i n  b reed ing  plumage n e a r  Yuma i n  1980 and 
b reed ing  c o l o n i e s  i n  t h e  nearby  I m p e r i a l  V a l l e y  s u g g e s t s  
t h a t  b reed ing  i s  imminent. Max: 500, 7 J u l y  1980, 
n o r t h e a s t  of Yuma. 

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  r i v e r b a n k s .  
Food : Various v e r t e b r a t e s  and i n s e c t s .  

Reddish E g r e t  (Dichromanassa r u f e s c e n s )  
S t a t u s :  Casual v i s i t o r  from Mexico. F ive  r e c o r d s :  30 September 

1954 t o  3 March 1955 above I m p e r i a l  Dam; 9  September 
1954 a t  Lake Havasu ( s p .  - MVZ);  19 November 1955 a t  
Ferguson Lake; 2 September 1960 30 m i l e s  n o r t h  of 
I m p e r i a l  Dam; and 11 February  t o  mid-March 1979 a t  
Imper ia l  Dam ( p h o t o ) .  

H a b i t a t :  Riverbank, m u d f l a t s  i n  sha l low wate r .  
Food : Mainly f i s h ,  amphibians ,  and a q u a t i c  i n v e r t e b r a t e s .  

G r e a t  E g r e t  (Casmerodius a l b u s )  
S t a t u s :  F a i r l y  common year-round r e s i d e n t ' t h r o u g h o u t  t h e  v a l l e y .  

Concen t ra t ions  u s u a l l y  n e a r  b reed ing  s i t e s  b u t  
o c c a s i o n a l l y  f l o c k s  e l sewhere ,  e s p e c i a l l y  i n  s p r i n g .  
Max: 191, 22 December 1975, Yuma CBC. 

H a b i t a t :  R i p a r i a n  t r e e s  r e q u i r e d  f o r  n e s t i n g .  Riverbank,  
m u d f l a t s ,  marshes ,  s p i l l w a y s  of dams, and o c c a s i o n a l l y  
a g r i c u l t u r a l  f i e l d s .  

Breeding:  Nests  i n  mixed r o o k e r i e s  w i t h  Great  Blue Herons and may 
d i s p l a c e  t h a t  s p e c i e s  from s p e c i f i c  n e s t  s i t e s .  
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Breeding begins i n  March, l a t e r  than  i n  t h e  Great Blue 
Heron. Fewer than 10 known r o o k e r i e s ,  wi th  2 t o  16 
n e s t s ,  except a t  Topock Marsh where a s  many a s  144 have 
nested.  

Food : Mainly f r o g s ,  f i s h ,  snakes,  roden t s ,  and grasshoppers.  

Snowy Egret  (Egre t t a  t h u l a )  
S t a t u s :  I r r e g u l a r l y  f a i r l y  common i n  small  numbers throughout 

t h e  v a l l e y ,  mainly a s  t r a n s i e n t s  i n  spr ing  and e a r l y  
f a l l .  Generally most numerous from Imper ia l  Dam south ,  
where f l o c k s  up t o  60 have been recorded. Recently 
uncommon t o  r a r e  i n  win ter  i n  no r the rn  s e c t o r s .  
Formerly more numerous. Breeds s p o r a d i c a l l y  a t  Topock 
Marsh, Imperial  Nat ional  W i l d l i f e  Refuge, and poss ib ly  
elsewhere. Max: 450, 31 J u l y  1958, Imperial  Nat ional  
Wi ld l i f e  Refuge. 

Hab i t a t :  Requires r i p a r i a n  t r e e s  f o r  nes t ing .  Seen most 
f r equen t ly  i n  marshy backwaters i n  sp i l lways  of Imperial  
and Laguna dams; occas iona l ly  along main r i v e r  channels 
and r a r e l y  i n  a g r i c u l t u r a l  f i e l d s .  

Breeding: Usually i n  mixed colony wi th  o the r  herons. Large colony 
a t  Topock Marsh b u i l t  up t o  141 n e s t s  i n  1950 but  
disbanded i n  1953. 

Food : Mainly f i s h ,  amphibians, and l a r g e  i n s e c t s .  

Louisiana Heron (Hydranassa t r i c o l o r )  
S t a t u s :  Casual v i s i t o r  from Mexico i n  f a l l .  Recorded 13 October 

1954 a t  Martinez Lake and 8-30 September 1955 a t  
Imperial  Dam. 

Habi t a t :  Shore l ine ,  marshes. 
Food : Small f i s h ,  aqua t i c  i n v e r t e b r a t e s .  

Black-crowned Night Heron (Nyct icorax nyc t i co rax )  
S t a t u s :  Uncommon t o  f a i r l y  common year-round r e s i d e n t  throughout 

t h e  va l l ey .  Usually occurs  s i n g l y  o r  i n  small  groups 
and r a r e l y  i n  l a r g e  concent ra t ions .  Nocturnal h a b i t s  
make the s t a t u s  of t h i s  spec i e s  d i f f i c u l t  t o  monitor. 
Max: 200, December 1953 a t  Topock Marsh. 

Hab i t a t :  Riparian t r e e s  required f o r  n e s t i n g  and d i u r n a l  r o o s t s .  
Feeds i n  marshes and along main r i v e r  channels and 
lakeshores .  

Breeding: Nests i n  co lonies  i n  t r e e s .  Usual ly f l imsy n e s t s  of 
branches and twigs con ta in  3-5 eggs. Breeds April-July. 

Food : Mainly f i s h  and amphibians, some aqua t i c  i nve r t eb ra t e s .  

Yellow-crowned Night Heron (Nyctanassa v io l acea )  
S t a t u s :  Probably a casua l  v i s i t o r  from Mexico. One s i g h t  

record , -  a near  a d u l t  17 A p r i l  1973 a t  imperial- am. 
Hab i t a t :  Marsh, r iverbanks.  
Food : Mainly c r a y f i s h ,  f i s h ,  and o t h e r  v e r t e b r a t e s .  

Leas t  B i t t e r n  (Ixobrychus e x i l i s )  
S t a t u s :  A l o c a l l y  common breeder  from Apr i l  through September, 

i n  extensive marshes, such a s  a t  Topock Marsh and 
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I m p e r i a l  Dam. Less  numerous e l sewhere  throughout  t h e  
v a l l e y .  Uncommon i n  w i n t e r  around I m p e r i a l  Dam s o u t h  t o  
Yuma; r a r e  f a r t h e r  n o r t h .  Max: 41,  J u l y  1978, I m p e r i a l  
Na t iona l  W i l d l i f e  Refuge. 

H a b i t a t :  P r e f e r s  c a t - t a i l  and b u l r u s h  marshes ,  b u t  may be  p r e s e n t  
i n  a  v a r i e t y  of marsh o r  pond s i t u a t i o n s .  

Breeding: Breeds i n  d e n s i t i e s  up t o  40/100 a c r e s  i n  c a t - t a i l  
marshes.  Nests  a r e  h idden  i n  dense  marsh v e g e t a t i o n .  
Many f l e d g e d  young s e e n  i n  J u l y .  

Food: Mainly s m a l l  f i s h  and amphibians;  a l s o  i n s e c t s  and 
r o d e n t s .  

American B i t t e r n  (Botaurus  l e n t i g i n o s u s )  
S t a t u s :  Uncommon w i n t e r  v i s i t o r  from l a t e  August t o  e a r l y  May, 

throughout  t h e  v a l l e y .  T h i s  s p e c i e s  i s  n o t  g r e g a r i o u s .  
Recent summer r e c o r d s  might s u g g e s t  b reed ing .  Max: 11, 
20 December 1976, P a r k e r  CBC. 

H a b i t a t :  Dense marsh and wet r i p a r i a n  a r e a s .  
Food : Mainly amphibians ,  f i s h ;  a l s o  r o d e n t s ,  r e p t i l e s ,  

i n s e c t s .  

Wood S t o r k  (Mycte r ia  americana)  
S t a t u s :  Rare bu t  r e g u l a r  post -breeding v i s i t o r  from Mexico i n  

summer and e a r l y  f a l l ,  n o r t h  t o  B i l l  Will iams D e l t a .  
Local  c o n c e n t r a t i o n s  a t  C ibo la  N a t i o n a l  W i l d l i f e  Refuge 
and i n  t h e  P a l o  Verde V a l l e y ,  s u g g e s t  a  d i s p e r s a l  from 
t h e  S a l t o n  Sea i n  C a l i f o r n i a .  Formerly more widespread 
and numerous and o c c u r r i n g  a l l  year .  Max: 230, 16 J u l y  
1959, n e a r  Laguna Dam. 

H a b i t a t :  A g r i c u l t u r a l  f i e l d s  and marshes.  
Food: Tadpoles ,  a q u a t i c  i n s e c t s ,  some f i s h  and seeds .  

White-faced I b i s  ( P l e g a d i s  c h i h i )  
S t a t u s :  Uncommon t o  f a i r l y  common t r a n s i e n t  i n  smal l  f l o c k s ,  

March through May and J u l y  th rough  October .  Rare a s  a  
t r a n s i e n t  i n  June and a s  a  w i n t e r  v i s i t o r  from November 
t o  February  i n  t h e  s o u t h e r n  s e c t o r s .  An e x c e p t i o n a l l y  
l a r g e  c o n c e n t r a t i o n  of 5000 r o o s t e d  i n  t h e  Dome V a l l e y ,  
e a s t  of Yuma on 9  September 1979. Max: 5 ,000,  9  
September 1979, i n  Dome V a l l e y .  

H a b i t a t :  Marshes, i r r i g a t e d  f i e l d s ,  and s h a l l o w  backwaters .  
Food : C r a y f i s h ,  o t h e r  i n v e r t e b r a t e s ,  s m a l l  f i s h .  

White I b i s  (Eudocimus a l b u s )  
S t a t u s :  Casual v i s i t o r  from Mexico. Two r e c o r d s :  March 1914 a t  

P a l o  Verde and 4-5 A p r i l  1962 a t  Mart inez  Lake ( p h o t o ) .  
H a b i t a t :  Marsh, backwaters.  
Food : Mainly c r a y f i s h ,  o t h e r  i n v e r t e b r a t e s .  

Roseate  S p o o n b i l l  ( A j a i a  a j a j a )  
S t a t u s :  Very r a r e  and e r r a t i c  v i s i t o r  from Mexico i n  summer and 

f a l l .  Recorded a t  l e a s t  i n  1942, 1959, 1969, 1973, and 
1977. A t  l e a s t  one b i r d  remained through w i n t e r  u n t i l  
21 March 1974 a t  P a l o  Verde. Max: 21,  18 June 1973, 
n o r t h e a s t  of Yuma. 
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Habitat: Marshes and backwater channels. 
Food : Fish, aquatic insects and other invertebrates. 

Whistling Swan (Olor columbianus) 
Status: In recent years a rare but regular winter visitor and 

transient in very small numbers, from late October to 
mid-March. Formerly, more numerous. Max: 47, 13-25 
February 1957, at Martinez Lake. 

Habitat: Protected river channels, marshes, and rarely 
agricultural fields. 

Food : Mainly vegetation; some aquatic animals. 

Canada Goose (Branta canadensis) 
Status: Fairly common winter resident from mid-October to late 

~ebruar~; occasionally flocks are observed outside these 
dates. Most numerous at Cibola National Wildlife Refuge 
where supplemental grain is provided, however flocks are 
scattered throughout the valley. 

Habitat: Protected river channels and sandbars, marshes, and 
agricultural fields, especially on national wildlife 
refuges. 

Food : Mainly seeds, other vegetation. 

Brant (Branta bernicla) 
Status: Casual or very rare winter visitor and spring transient. 

About seven records always of single birds or of several 
mixed with other geese. 

Habitat: River, agricultural fields, national wildlife refuges. 
Food : Aquatic vegetation. 

White-fronted Goose (Anser albifrons) 
Status: Uncommon transient in small numbers in late September 

and early October; rare but probably regular winter 
resident, often associated with other geese. Formerly 
much more numerous (until 1950'~)~ when it occurred as 
an early spring transient as well. One recent spring 
record, 28 March 1981 at Parker. Max: 577, 28 
September 1943, Bill Williams Delta. 

Habitat: River, agricultural fields, national wildlife refuges. 
Food : Mainly seeds, other vegetation. 

Snow Goose ( Chen caerulescens) 
Status: Uncommon or locally fairly common winter resident and 

transient, sometimes in large flocks, from mid-October 
to mid-March, occasionally occurs in very small numbers 
outside that period. Most numerous at Topock Marsh, 
especially in November. There are four records of the 
"Blue" form, all from Topock Marsh. 

Habitat: Agricultural fields, marshes and sandbars, primarily on 
national wildlife refuges. 

Food: Mainly grain, other seeds and vegetation. 



Vegeta t ion  Management - 80 

Ross Goose (Chen r o s s i i )  - -- 
S t a t u s :  Rare bu t  probably  r e g u l a r  w i n t e r  r e s i d e n t  from November 

t o  March, i n  v e r y  s m a l l  numbers, u s u a l l y  a s s o c i a t e d  w i t h  
Snow Geese. Max: 7 ,  w i n t e r  1979-80, Cibola  N a t i o n a l  
W i l d l i f e  Refuge. 

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  marshes ,  r i v e r .  
Food : Mainly g r a i n ,  o t h e r  seeds  and v e g e t a t i o n .  

Fulvous Whistling-Duck (Dendrocygna b i c o l o r )  
S t a t u s :  I n  r e c e n t  y e a r s ,  a  v e r y  r a r e  and i r r e g u l a r  v i s i t o r  i n  

s p r i n g ,  summer and f a l l .  Formerly more common, even i n  
w i n t e r .  A l l  r e c e n t  r e c o r d s  a r e  from t h e  s o u t h e r n  h a l f  
of t h e  v a l l e y ,  n o r t h  t o  C i b o l a  N a t i o n a l  W i l d l i f e  Refuge. 
Max: 27,  16 November 1961, Mart inez  Lake. 

H a b i t a t :  Marsh, backwate rs ,  i r r i g a t e d  f i e l d s .  
Food: Mainly s e e d s ,  o t h e r  v e g e t a t i o n .  

Mal lard  ( h a s  p la ty rhynchos)  
S t a t u s :  Uncommon t o  f a i r l y  common between e a r l y  August and 

mid-April ;  i r r e g u l a r l y  common d u r i n g  w i n t e r  months. 
Rare i n  l a t e  A p r i l  and May, c a s u a l  i n  June  and J u l y .  
May have bred f o r m e r l y ,  b u t  t h e r e  a r e  no r e c e n t  r e c o r d s .  
Most o f t e n  o c c u r s  i n  smal l  f l o c k s .  

H a b i t a t :  Unchannelized r i v e r ,  backwate rs ,  marshes.  
Food: Seeds ,  v e g e t a t i o n ,  a q u a t i c  i n v e r t e b r a t e s .  

Gadwall ( h a s  s t r e p e r a )  
S t a t u s :  Uncommon t o  f a i r l y  common from mid-September t o  e a r l y  

A p r i l .  Rare i n  l a t e  A p r i l  and May and c a s u a l  i n  summer 
months. Has bred l o c a l l y ,  such a s  a t  West Pond, J u l y  
1957 ( 2  females  w i t h  15 young) ,  and a t  Topock Marsh i n  
1949, 1951, and 1970. 

~ a b i t a t  : Unchannelized r i v e r ,  marshes and ponds; sometimes on 
l a r g e r  l a k e s .  

Breeding: Nests a r e  hollows i n  ground, l i n e d  w i t h  r e e d s  and down. 
Ten, 11, o r  12 eggs  l a i d  from Apr i l - Ju ly .  

Food: Mainly a q u a t i c  v e g e t a t i o n .  

P i n t a i l  ( h a s  a c u t a )  -- 
S t a t u s :  Common t o  abundant e a r l y  f a l l  t r a n s i e n t  p r i m a r i l y  from 

.mid-August through September,  w i t h  f i r s t  a r r i v a l s  
o c c u r r i n g  i n  l a t e  J u l y .  F a i r l y  common t o  common i n  l a t e  
f a l l  and w i n t e r ,  w i t h  most c o n c e n t r a t i o n s  on Cibo la  and 
I m p e r i a l  Na t iona l  W i l d l i f e  Refuges.  Rare  by May, w i t h  
s m a l l  f l o c k s  r a r e l y  seen  d u r i n g  June and J u l y .  

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  marshes ,  unchannel ized r i v e r .  
Food : Mainly a g r i c u l t u r a l  and a q u a t i c  seeds  and v e g e t a t i o n .  

Green-winged T e a l  ( h a s  c r e c c a  c a r o l i n e n s i s )  
S t a t u s :  Common t o  abundant e a r l y  f a l l  t r a n s i e n t  i n  l a t e  August 

and September,  o f t e n  o c c u r r i n g  i n  l a r g e  f l o c k s .  
I r r e g u l a r l y  common through f a l l  and w i n t e r ,  w i t h  t h e  
g r e a t e s t  numbers w i n t e r i n g  a t  Cibola  N a t i o n a l  W i l d l i f e  
Refuge. Rare by l a t e  A p r i l ,  w i t h  a  few r e c o r d s  from May 
through J u l y .  
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Habitat: Marshes, agricultural fields, unchannelized river. 
Food: Mainly seeds and aquatic vegetation, some invertebrates. 

Blue-winged Teal (Anas discors) 
Status: Rare to uncommon transient from February through 

October, generally in pairs or small flocks with other 
teal. The majority occur from late February to mid-May. 
Rare and irregular from November through January, 
however fall status is uncertain due to difficulty in 
separating eclipse plumaged birds from Cinnamon Teal. 

Habitat: Marshes, unchannelized river, ponds. 
Food : Mainly aquatic vegetation, seeds, and invertebrates. 

Cinnamon Teal (Anas cyanoptera) 
Status: Uncommon and local summer resident, occasionally 

Habitat: 

Breeding : 

Food : 

European Wigeon 
Status: 

Habitat: 
Food : 

American Wigeon 
Status: 

Habitat : 
Food : 

breeding (1979,1981). Fairly common transient from 
early February through mid-May and from late July 
through September, generally in small flocks. The first 
migrants arrive by early January and fall birds 
regularly linger through October. Rare but regular in 
November and December. Max: 600, 26 August 1979, 
northeast of Yuma. 
Marshes, unchannelized river, ponds, agricultural fields 
and canals. 
Nests varied. Some on dry ground, others in reeds. 
Nests usually consist of reeds lined with down. Usual 
set 10-12 eggs. 
Mainly seeds, some aquatic invertebrates. 

(has - penelope) 
Casual transient or winter visitor. Three records: 18' 
December 1947 at Topock, 28 September 1974 near Poston, 
and 20-28 March 1981 at Parker (photo). This species 
usually occurs among flocks of American Wigeons. 
River channels, marshes. 
Mainly aquatic vegetation, some seeds, and insects. 

(Anas americana) - 
Fairly common to common winter resident, from November 
through February. Uncommon transient in September, 
October, and March; rare in April, May, and August. 
There are several records from June and July. 
Unchannelized river, marshes, ponds. 
Mainly aquatic vegetation, some seeds, and insects. 

Northern Shoveler (Anas - clypeata) 
Status: Uncommon transient and winter resident from late August 

to early April. Rare in May and early August; there are 
several mid-summer records. 

Habitat: Unchannelized river, marshes, agricultural fields. 
Food : Mainly aquatic vegetation and seeds, some molluscs. 
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Wood Duck (Aix sponsa) - 
Status: 

Habitat : 

Food : 

Redhead ( Aythya 
Status: 

Habitat: 
Breeding : 

Food: 

Rare but regular visitor from October to early March. 
Small flocks have wintered on ponds along lower Bill 
Williams River. The several June records are anomalous. 
Max: 14, 24 December 1977, Bill Williams Delta CBC. 
Wooded ponds, protected backwaters, rarely open river 
and agricultural canals. 
Seeds. 

americana) 
Uncommon to fairly common transient and winter resident 
from mid-October to mid-April, generally in small 
flocks. Rare but regular in August, September, and May; 
irregular in June and July, but has bred. 
Open lakes, channelized river, marshes, and ponds. 
Nests made of rushes lined with down, found in wet 
marshes. Ten to fifteen eggs laid from April-May. 
Aquatic vegetation. 

Ring-necked Duck (Aythya collaris) 
Status: Uncommon to fairly common from mid-October to mid-April, 

generally in small flocks. The largest concentrations 
have occurred near Imperial Dam. Virtually absent from 
the valley outside that period. Max: 984, 20 December 
1977, Yuma CBC. 

Habitat: Ponds, open lakes, and river channels, marshes. 
Food: Primarily musk grass, other vegetation, some 

invertebrates. 

Canvasback (Aythya valisineria) 
Status: Rare to locally uncommon from October through April. 

The latest spring occurrence is 15 May 1954. Areas of 
regular occurrence include Imperial Dam and Topock 
Marsh. Max: 65, 22 December 1975, Yuma CBC. 

Habitat: Ponds, open lakes, river channels. 
Food : Mainly crustaceans, shellfish, and aquatic vegetation. 

Greater Scaup (Aythya marila) 
Status: Rare but regular winter visitor from mid-November to 

mid-April. Usually associated with Lesser Scaup. 
Occurs regularly at Imperial Dam and below Parker Dam. 
Max: 23, 19 December 1978, Bill Williams Delta CBC. 

Habitat: Spillways of dams, lakes, rarely agricultural canals. 
Food: Aquatic invertebrates and vegetation. 

Lesser Scaup (Aythya affinis) 
Status: Uncommon to common winter visitor from November to 

April, often in large local concentrations. The 
earliest arrivals occur in early October, and some 
individuals rarely linger into May. There are few 
summer records, most of which probably involve injured 
birds. Areas of frequent concentration include Imperial 
Dam and Parker Dam. Max: 383, 15 December 1979, Yuma 
CBC. 

Habitat: Spillways of dams, lakes, river channels. 
Food : Aquatic invertebrates, some vegetation. 
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Common Goldeneye (Bucephala clangula) 

Status: Fairly common to common from mid-November through 
February in the northern half of the valley, decreasing 
in abundance to the south. Numbers decrease through the 
spring; a few individuals rarely linger into May. June 
and July records probably are of injured birds. Max: 
1860, 21 December 1979, Bill Williams Delta CBC. 

Habitat: Open lakes, channelized rivers, spillways of dams. 
Food : Mainly insects, other invertebrates. 

Barrow Goldeneye (Bucephala islandica) 
Status: Since 1974, a rare but regular winter visitor from 

mid-November to early April. Usually occurs with flocks 
of Common Goldeneye below Davis and Parker dams, with 
scattered records south to Imperial Dam. Max: 57, 17 
December 1974, Davis Dam. 

Habitat: Spillways of dams, lakes, channelized rivers. 
Food : Mainly insects, other invertebrates, some fish. 

Bufflehead (Bucephala albeola) 
Status: Uncommon to fairly common from November to March in the 

northern half of the valley; less numerous farther to 
the south. Most individuals depart in April, but rarely 
a few linger into May. June records are probably of 
injured birds. Sometimes occur in large flocks during 
cold winters. Max: 464, 23 December 1977, Parker CBC. 

Habitat : Channelized river, lakes, spillways of dams, ponds. 
Food : Primarily insects, some molluscs. 

Oldsquaw (Clangula hyemalis) 
Status: Rare and irregular winter visitor to northern parts of 

the valley from late November through February. Most 
records are from Davis Dam and Lake Mohave. Max: 8, 20 
January 1977, Davis Dam. 

Habitat: Open water. 
Food : Mainly molluscs, crustaceans, and insects. 

White-winged Scoter (Melanitta deglandi) 
Status: Casual winter visitor. Singles occurred at Davis Dam in 

.November 1975 and at Imperial Dam from November 1976 to 
April 1977. Two on Lake Havasu, 8 January through 
February 1981. 

Habitat: Open water. 
Food : Mainly molluscs, small fish, other invertebrates. 

Surf Scoter (Melanitta perspicillata) 
Status: Rare and irregular late fall visitor, with most records 

from Parker Dam, Lake Havasu, and Davis Dam. Max: 4, 
late November 1975, Davis Dam. 

Habitat: Open water. 
Food : Mainly molluscs, small fish, other invertebrates. 
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Black Scoter  (Melan i t ta  n i g r a )  
S t a t u s :  Casual win te r  v i s i t o r .  One immature male p re sen t  from 8  

January t o  31 March, 1981 below Parker  Dam. 
Hab i t a t :  Open water. 
Food : Mainly mol luscs ,  small  f i s h ,  o t h e r  i n v e r t e b r a t e s .  

Ruddy Duck (Oxyura jamaicensis)  
S t a t u s :  Uncommon t r a n s i e n t  and win t e r  r e s i d e n t  from mid-August 

t o  mid-May. Rare bu t  r egu la r  through t h e  summer months, 
occas iona l ly  breeding (e .g . ,  1943, 1946, 1978, 1979). 
Max: 173, 17 December 1973, Yuma CBC. 

Hab i t a t :  Marshes f o r  breeding; backwaters ,  l a k e s  and occas iona l ly  
a g r i c u l t u r a l  c ana l s .  

Breeding: Nests a r e  baske ts  of interwoven r eeds ,  u s u a l l y  b u i l t  
above water.  6-10 eggs l a i d  from April-August. 

Food: Mainly s eeds ,  o t h e r  p l a n t  m a t e r i a l s ,  some a q u a t i c  
i n v e r t e b r a t e s .  

Hooded Merganser (Mergus c u c u l l a t u s )  
S t a t u s :  Rare but r egu la r  win te r  v i s i t o r  from November t o  

mid-March. Max: 13, 12 January 1950, Topock Marsh. 
Hab i t a t :  Ponds, l a k e s ,  sp i l lways  of dams. 
Food : Small f i s h .  

Common Merganser (Mergus merganser) 
S t a t u s :  Uncommon t o  common win te r  v i s i t o r  from November through 

February, decreas ing  r a p i d l y  by Apr i l .  Occasional ly  
occurs  i n  l a r g e  f l ocks  during co lde r  win te rs .  Small 
numbers recorded during summer months a t  Parker  Dam; may 
be i n ju red .  ?lax: 1863, 21 December 1979, B i l l  Williams 
Del ta  CBC. 

Hab i t a t :  River channels ,  l a k e s ,  and sp i l lways  of dams. 
Food: Small f i s h .  

Red-breasted Merganser (Mergus s e r r a t o r )  
S t a t u s :  Rare but r egu la r  i n  any month of t he  year .  I r r e g u l a r l y  

f a i r l y  common a s  a  t r a n s i e n t  from February through May 
and again i n  November;. Max: 244, 8 November 1958, 
Imper ia l  Nat ional  W i l d l i f e  Refuge. 

Hab i t a t :  Lakes, sp i l lways  of dams, and r i v e r  channels.  
Food: Small f i s h .  

Turkey Vul ture  (Ca tha r t e s  au ra )  
S t a t u s :  F a i r l y  common summer r e s i d e n t  w i th  l a r g e  movements i n t o  

and out  of t he  v a l l e y  i n  March and October,  
r e spec t ive ly .  Uncommon i n  w i n t e r ,  bu t  occas iona l ly  
absent  from a r e a s  no r th  of Parker .  Usually occurs  
s i n g l y  or  i n  small  groups,  except  when i n  l a r g e  
migratory f l ocks .  Max: 350, 15 March 1977, Imper ia l  
Nat ional  Wi ld l i f e  Refuge. 

Hab i t a t :  Pr imar i ly  a g r i c u l t u r a l  l a n d ,  but  i nd iv idua l s  fo rage  over 
a l l  h a b i t a t  types.  Roosts i n  t a l l  t r e e s  or  on c l i f f s .  

Food : Carrion. 
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Black V u l t u r e  (Coragyps a t r a t u s )  
S t a t u s :  H y p o t h e t i c a l .  One s i g h t e d  below P a r k e r  D a m ,  i n  

C a l i f o r n i a ,  on 5  ~ e ~ t e m b e r  1977. T h i s  would have 
r e p r e s e n t e d  a  f i r s t  r e c o r d  f o r  C a l i f o r n i a  i f  
s u b s t a n t i a t e d .  Black V u l t u r e s  a r e  l o c a l l y  common i n  
s o u t h  c e n t r a l  Ar izona ,  and th roughout  n o r t h e r n  Sonora.  

H a b i t a t :  T a l l  t r e e s  o r  c l i f f s ,  a g r i c u l t u r a l  l a n d s .  
Food : Carr ion .  

Whi te - t a i l ed  K i t e  (E lanus  l e u c u r u s )  
S t a t u s :  Casual  v i s i t o r ,  probably  from C a l i f o r n i a .  Three  

s i g h t i n g s  t o  d a t e :  22 February  1979, and 22 March 1980, 
b o t h  a t  C ibo la  N a t i o n a l  W i l d l i f e  Refuge; and 13 November 
1980 n e a r  Poston.  

H a b i t a t :  A g r i c u l t u r a l  l and  and brushy v e g e t a t i o n .  
Food : Mainly r o d e n t s ,  s m a l l  b i r d s ,  r e p t i l e s ,  and i n s e c t s .  

Goshawk ( A c c i p i t e r  g e n t i l i s )  
S t a t u s :  Casual f a l l  t r a n s i e n t .  P a l o  Verde 1916; one 

photographed 29 November 1972 a t  Topock Marsh; and one 
s e e n  15 October 1978 a t  Ehrenberg.  

H a b i t a t :  R i p a r i a n  and o t h e r  woods. 
Food : Mainly b i r d s  and r o d e n t s .  

Sharp-shinned Hawk ( A c c i p i t e r  s t r i a t u s )  
S t a t u s :  F a i r l y  common t r a n s i e n t  and w i n t e r  r e s i d e n t  th roughout  

t h e  v a l l e y .  M i g r a t i o n  i s  main ly  from l a t e  March t o  
e a r l y  A p r i l ,  and i n  September,  b u t  r e c o r d s  occur  from 
t h e  end of August t o  mid-May. Max: 26,  23 December 
1977, Parker  CBC. 

H a b i t a t :  R i p a r i a n  v e g e t a t i o n ,  brushy a g r i c u l t u r a l  margins.  
Food : Mainly b i r d s  and r o d e n t s .  

Cooper Hawk ( A c c i p i t e r  c o o p e r i i )  
S t a t u s :  F a i r l y  common t r a n s i e n t  and w i n t e r  r e s i d e n t  from l a t e  

H a b i t a t :  

Food : 

Red-ta i led  Hawk 
S t a t u s :  

H a b i t a t :  

Breeding : 

Food: 

August t o  mid-May. G e n e r a l l y  more numerous than  t h e  
p r e v i o u s  s p e c i e s .  Summer b r e e d i n g  was no ted  a t  P a r k e r  
i n  1946 and 1948 and i n  B i l l  Wil l iams D e l t a  i n  1953 and 
1954, b u t  t h i s  s p e c i e s  does n o t  p r e s e n t l y  b reed  i n  t h e  
v a l l e y .  Max: 24, 23 December 1977, P a r k e r  CBC. 
R i p a r i a n  v e g e t a t i o n ,  a g r i c u l t u r a l  l a n d ,  and d e s e r t  
washes. 
Mainly b i r d s  and r o d e n t s .  

(Buteo j amaicens i s )  
Uncommon summer r e s i d e n t  and b r e e d e r ,  p r i m a r i l y  a l o n g  
t h e  edges  of t h e  v a l l e y .  Common t r a n s i e n t  and w i n t e r  
r e s i d e n t  from l a t e  September t o  e a r l y  A p r i l ,  when many 
r a c e s  and c o l o r  phases  occur .  Max: 77 ,  22 December 
1980, Parker  CBC. 
Large t r e e s  o r  c l i f f s  r e q u i r e d  f o r  b reed ing ;  i n  w i n t e r ,  
a g r i c u l t u r a l  l a n d s ,  open d e s e r t ,  r i p a r i a n  v e g e t a t i o n .  
Often n e s t s  i n  saguaro o r  cottonwoods,  sometimes i n  
c l i f f s .  2-3 eggs  l a i d  from February-June.  
Mainly r a b b i t s  and r o d e n t s .  



V e g e t a t i o n  Management - 86 

Red-shouldered Hawk (Buteo l i n e a t u s )  
S t a t u s :  Casual v i s i t o r  from t h e  wes t  b u t  h a s  b red  i n  t h e  v a l l e y .  

Nest  w i t h  young found i n  1968 a t  M i t t r y  Lake. Other  
r e c o r d s  a r e  16 February 1962 a t  Yuma, 29 October  1977 t o  
31 January  1978 a t  B i l l  Wil l iams D e l t a ,  12 March t o  23 
A p r i l  1978 a t  Yuma, and two on 21 January  1978 n o r t h  of 
Needles.  

H a b i t a t :  Cottonwood-willow groves .  
Food : Rodents ,  r e p t i l e s ,  amphibians ,  and i n s e c t s .  

Broad-winged Hawk (Buteo p l a t y p t e r u s )  
S t a t u s :  Hypothe t i ca l .  Two s i g h t e d  h i g h  o v e r  B i l l  Wil l iams Delta 

on- 5  August 1980. 
- 

H a b i t a t :  R i p a r i a n  woodland. 
Food : Mainly r o d e n t s .  

Swainson Hawk (Buteo swainsoni)  
S t a t u s :  Uncommon t r a n s i e n t  from 

from l a t e  March through 
One dark-phase b i r d  was 

mid-August t o  mid-October and 
A p r i l ,  i n  v e r y  s m a l l  numbers. 
n o r t h  of Ehrenberg on 29 June 

1976 and ;here i s  one c a r e f u l  s i g h t i n g ,  5 - ~ a n u a r ~  1974 
a t  Bard. 

H a b i t a t :  A g r i c u l t u r a l  l a n d ,  r i p a r i a n  v e g e t a t i o n ,  d e s e r t .  
Food: Mainly r o d e n t s  and i n s e c t s .  

Zone-tai led Hawk (Buteo a l b o n o t a t u s )  
S t a t u s :  Rare and i r r e g u l a r  summer r e s i d e n t  i n  B i l l  Wil l iams 

D e l t a  where n e s t s  were found i n  1943, 1946, and 1947, 
and a  p a i r  was c o u r t i n g  i n  1977. Two r e c o r d s  of 
m i g r a n t s :  3  A p r i l  1949 s o u t h  of P a r k e r  and 25 A p r i l  
1953 a long  Lake Havasu; and one o l d  w i n t e r  specimen, 23 
January  1902. 

H a b i t a t :  T a l l  r i p a r i a n  v e g e t a t i o n ,  e s p e c i a l l y  n e a r  c l i f f s .  
Breeding: Nests i n  t a l l  t r e e s  n e a r  w a t e r  and c l i f f s .  
Food: Mainly l i z a r d s ,  f r o g s ,  and s m a l l  f i s h .  

Whi te - t a i l ed  Hawk (Buteo a l b i c a u d a t u s )  
S t a t u s :  H y p o t h e t i c a l .  One a d u l t  r e p e a t e d l y  s i g h t e d  by r e f u g e  

manager a t  I m p e r i a l  Na t iona l  W i l d l i f e  Refuge d u r i n g  t h e  
w i n t e r s  of 1977 and 1978. 

H a b i t a t :  Open c o u n t r y ,  d r y  woods. 
Food : Mainly r a b b i t s  and roden ts .  

Rough-legged Hawk (Buteo l agopus)  
S t a t u s :  Rare  bu t  r e g u l a r  i n  w i n t e r  from November through 

February ,  p r i m a r i l y  i n  t h e  n o r t h e r n  h a l f  of t h e  v a l l e y .  
H a b i t a t :  A g r i c u l t u r a l  l and .  
Food : Mainly r o d e n t s .  

Ferruginous  Hawk (Buteo r e g a l i s )  
S t a t u s :  Uncommon t r a n s i e n t  and w i n t e r  r e s i d e n t  from mid-October 

t o  t h e  end of March; most numerous i n  t h e  n o r t h e r n  h a l f  
o f  t h e  v a l l e y .  A few m i g r a n t s  may a r r i v e  by l a t e  
September and l i n g e r  i n t o  e a r l y  A p r i l .  Max: 1 2 ,  29 
November 1981, Blythe.  

H a b i t a t :  A g r i c u l t u r a l  l a n d s .  
Food : Mainly r a b b i t s  and r o d e n t s .  
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H a r r i s  Hawk (Parabu teo  u n i c i n c t u s )  
S t a t u s :  Formerly a  f a i r l y  common r e s i d e n t  and b r e e d e r  i n  many 

p a r t s  of t h e  v a l l e y ,  a l t h o u g h  n o t  no ted  by G r i n n e l l  i n  
1910. E x t i r p a t e d  by 1961 e x c e p t  a t  Topock Marsh, where 
a  p o p u l a t i o n  p e r s i s t e d  i n t o  1964. P robab ly  s t i l l  o c c u r s  
a s  a  c a s u a l  w i n t e r  v i s i t o r  o r  t r a n s i e n t  b u t  s t a t u s  
confused by a c c i d e n t a l  r e l e a s e s  from f a l c o n e r s  i n  t h e  
r e g i o n  and by r e c e n t  a t t e m p t s  t o  r e e s t a b l i s h  a  b r e e d i n g  
p o p u l a t i o n  i n  t h e  v a l l e y .  

H a b i t a t :  Cottonwood-willow, m e s q u i t e ,  and saguaro  a s s o c i a t i o n s .  
Food : Mainly r e p t i l e s ,  r o d e n t s ,  and o t h e r  an imals .  

Black Hawk ( B u t e o g a l l u s  a n t h r a c i n u s )  
S t a t u s :  Casual t r a n s i e n t  and summer v i s i t o r .  One b i r d  s e e n  

r e p e a t e d l y  between 23 March and l a t e  June  1979 a t  B i l l  
Will iams D e l t a ,  e x h i b i t e d  c o u r t s h i p  behav ior .  Also 
recorded 25 August 1946 s o u t h  of P a r k e r  and 11 A p r i l  
1978 a t  Ehrenberg.  An immature s e e n  n e a r  Ehrenberg on 5  
May 1979 may have been a Grea t  Black Hawk ( B u t e o g a l l u s  
u r u b i t i n g a ) .  

H a b i t a t :  Mature cottonwood-willow a s s o c i a t i o n s  n e a r  wa te r .  
Food: Mainly f i s h ,  amphibians ,  and o t h e r  s m a l l  an imals .  

Golden Eag le  (Aqui la  c h r y s a e t o s )  
S t a t u s :  Rare and i r r e g u l a r  v i s i t o r  t o  t h e  immediate r i v e r  v a l l e y  

throughout  t h e  y e a r .  
H a b i t a t :  Wide rang ing  i n  open coun t ry ;  cou ld  occur  a lmos t  

anywhere. 
Food : Mainly r a b b i t s ,  r o d e n t s ,  c a r r i o n .  

Bald Eag le  ( H a l i a e e t u s  l e u c o c e p h a l u s )  
S t a t u s :  Rare i n  e a r l y  w i n t e r ,  uncommon i n  l a t e  w i n t e r .  The 

f i r s t  b i r d s  may a r r i v e  by mid-October and v i r t u a l l y  a l l  
a r e  gone by l a t e  March. One p a i r  a t t empted  
u n s u c c e s s f u l l y  t o  breed a t  Topock each  s p r i n g  from 1975 
t o  1977. An unseasona l  immature a t  C ibo la  N a t i o n a l  
W i l d l i f e  Refuge on 19 May 1978 may have been a  wanderer 
from Arizona b reed ing  p o p u l a t i o n s .  

H a b i t a t :  Riverbanks ,  marshes;  p r e f e r s  t a l l  cottonwoods f o r  
r o o s t i n g  and n e s t i n g .  

Food : Mainly f i s h ,  b i r d s ,  mammals, and c a r r i o n .  

Marsh Hawk ( C i r c u s  cyaneus) 
S t a t u s :  Common t r a n s i e n t  and w i n t e r  r e s i d e n t  throughout  t h e  

v a l l e y  from October through March, w i t h  numbers 
i n c r e a s i n g  s t e a d i l y  i n  September and d e c r e a s i n g  i n  
A p r i l .  Rare  i n  August and May; c a s u a l  through summer 
months. I n  l i g h t  of a  r e c e n t  b reed ing  r e c o r d  i n  wes te rn  
Arizona,  summer b i r d s  should be watched more c l o s e l y .  
Max: 9 7 ,  22 December 1980, P a r k e r  CBC. 

H a b i t a t :  A g r i c u l t u r a l  l a n d ,  s p a r s e  r i p a r i a n  v e g e t a t i o n ,  marsh,  
d e s e r t .  

Food : Mainly r o d e n t s  and o t h e r  mammals. 
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Osprey (Pandion 
S t a t u s :  

H a b i t a t :  
Food : 

h a l i a e t u s )  
Uncommon t r a n s i e n t  from mid-August through September and 
from e a r l y  March t o  e a r l y  May.- Rare  b u t - r e g u l a r  w i n t e r  
v i s i t o r  from October  through February;  r a r e  and 
i r r e g u l a r  i n  midsummer. Most r e c o r d s  o u t s i d e  t h e  
m i g r a t i o n  p e r i o d  a r e  from t h e  I m p e r i a l  Dam a r e a .  
R i v e r ,  l a k e s ,  dams. 
Mainly f i s h .  

Caracara  (Caracara  cher iway)  
S t a t u s :  Now a  c a s u a l  v i s i t o r .  One s i g h t i n g  from n e a r  Tacna,  

abou t  35 m i l e s  e a s t  of Yuma, on 5  December 1978, and one 
s e e n  8  December 1980 a t  C ibo la  N a t i o n a l  W i l d l i f e  Refuge. 
H i s t o r i c a l l y ,  a r e s i d e n t  a t  Yuma, w i t h  t h e  l a s t  r e c o r d  
15 January  1905. 

H a b i t a t :  R i p a r i a n  v e g e t a t i o n ,  a g r i c u l t u r a l  l and .  
Food: Mainly c a r r i o n .  

P r a i r i e  Falcon ( F a l c o  mexicanus) 
S t a t u s :  Uncommon t r a n s i e n t  and w i n t e r  v i s i t o r  from September t o  

l a t e  March. Also ,  r a r e  b u t  r e g u l a r  from May through 
August,  most l i k e l y  a s  a  post -breeding v i s i t o r .  May 
breed  o c c a s i o n a l l y  a t  B i l l  Wil l iams D e l t a .  Max: 5 ,  18 
December 1979, P a r k e r  CBC. 

H a b i t a t :  A g r i c u l t u r a l  l a n d ,  s p a r s e  r i p a r i a n  v e g e t a t i o n ,  d e s e r t .  
Food: Plainly small mammals and b i r d s .  

P e r e g r i n e  Falcon ( F a l c o  p e r e g r i n u s )  
S t a t u s :  A t  p r e s e n t ,  a  r a r e  and i r r e g u l a r  t r a n s i e n t ,  w i n t e r  

r e s i d e n t ,  and post -breeding v i s i t o r .  Recorded r e c e n t l y  
i n  every  month excep t  May. Nested n e a r  P a r k e r  Dam a t  
l e a s t  u n t i l  1954 and probably  a l s o  a t  I m p e r i a l  N a t i o n a l  
W i l d l i f e  Refuge (1942) and Topock Gorge (1953).  

H a b i t a t :  Wide rang ing ,  o c c u r r i n g  i n  a lmost  any h a b i t a t .  
Food: Mainly b i r d s ,  s m a l l  mammals. 

Mer l in  ( F a l c o  columbarius)  
S t a t u s :  Rare but  r e g u l a r  t r a n s i e n t  and w i n t e r  v i s i t o r  from 

mid-September t o  mid-April ,  throughout  t h e  v a l l e y .  
Formerly more common. Max: 4 ,  20 December 1979, P a r k e r  
CBC. 

H a b i t a t :  A g r i c u l t u r a l  l a n d ,  r i p a r i a n  v e g e t a t i o n .  
Food : Small  b i r d s  and l a r g e  i n s e c t s .  

American K e s t r e l  (Fa ico  s p a r v e r i u s )  
S t a t u s :  L o c a l l y  uncommon summer r e s i d e n t  and b r e e d e r ;  common 

t r a n s i e n t  and w i n t e r  r e s i d e n t  from mid-September t o  
mid-May. Max: 177, 22 December 1980, Parker  CBC. 

H a b i t a t :  Requires  t a l l  t r e e s  o r  snags  f o r  n e s t i n g  i n  r i p a r i a n  
v e g e t a t i o n  o r  a g r i c u l t u r a l  a r e a s .  P r i m a r i l y  i n  
a g r i c u l t u r a l  a r e a s  d u r i n g  nonbreeding season.  

Breeding: Nests  i n  woodpecker h o l e s  o r  n a t u r a l  c a v i t i e s  i n  t a l l  
t r e e s  o r  snags .  

Food : Mainly i n s e c t s ,  sometimes r o d e n t s  and smal l  b i r d s .  
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Gambel Qua i l  (Lophortyx g a m b e l i i )  
S t a t u s :  Common t o  abundant  permanent r e s i d e n t  throughout  t h e  

v a l l e y ,  w i t h  peaks i n  l a t e  summer. Of ten  
o c c u r s  i n  l a r g e  coveys.  Max: 1206, 18 December 1979, 
P a r k e r  CBC. 

H a b i t a t :  Widely d i s t r i b u t e d ;  most numerous i n  screwbean mesqu i te  
h a b i t a t s  i n  summer and f a l l ,  and i n  honey mesqu i te  and 
d e s e r t  washes i n  w i n t e r  and s p r i n g .  

Breeding: From l a t e  February  th rough  August,  w i t h  broods  p r e s e n t  
from May t o  September. 

Food : Mainly a g r i c u l t u r a l  o r  annua l  p l a n t  s e e d s  i n  w i n t e r  and 
s p r i n g ,  and mesqu i te  s e e d s  i n  l a t e  summer and f a l l .  
Ants and o t h e r  i n s e c t s  a l s o  e a t e n .  Annual c y c l e  v a r i e s  
accord ing  t o  p r e c i p i t a t i o n .  

Ring-necked Pheasan t  (Phas ianus  c o l c h i c u s )  
S t a t u s :  P e r i o d i c a l l y  i n t r o d u c e d  f o r  hun t ing .  A few p e r s i s t  y e a r  

round,  w i t h  r e c e n t  s i g h t i n g s  a t  Yuma, P a r k e r ,  and Cibo la  
N a t i o n a l  W i l d l i f e  Refuge. 

H a b i t a t :  A g r i c u l t u r a l  l a n d .  
Food: Gra in  and o t h e r  seeds .  

S a n d h i l l  Crane (Grus  c a n a d e n s i s )  
S t a t u s :  L o c a l l y  f a i r l y  common i n  w i n t e r  between e a r l y  October  

and l a t e  ~ e b r u a r ~ ,  w i t h  a few l i n g e r i n g  i n t o  e a r l y  
March. Occurs i n  f l o c k s  n e a r  P o s t o n ,  Bullhead C i t y ,  and 
on Cibo la  N a t i o n a l  W i l d l i f e  Refuge. 

H a b i t a t :  Feeds i n  a g r i c u l t u r a l  f i e l d s  and r e q u i r e s  p r o t e c t e d  
sandbars  a s  r o o s t s .  

Food : Mainly p l a n t  m a t e r i a l s ,  some an imals .  

Clapper  R a i l  ( R a l l u s  l o n g i r o s t r i s )  
S t a t u s :  L o c a l l y  f a i r l y  common summer r e s i d e n t  and b r e e d e r  

between ~ ~ r i l -  and September,  n o r t h  t o  Topock Marsh. 
Rare  but  r e g u l a r  i n  w i n t e r ,  a t  l e a s t  n o r t h  t o  I m p e r i a l  
Dam. 

H a b i t a t :  Ex tens ive  marsh,  p a r t i c u l a r l y  c a t - t a i l s  and b u l r u s h e s .  
Breeding: Nests  a r e  clumps of marsh g r a s s  i n  d r y  p o r t i o n s  of 

marshes ,  9-12 eggs  l a i d  from March-June. 
Food : Aquat ic  i n v e r t e b r a t e s ,  i n s e c t s ,  amphibians.  

V i r g i n i a  R a i l  ( R a l l u s  l i m i c o l a )  
S t a t u s :  R e c e n t l y ,  a l o c a l l y  f a i r l y  common b r e e d e r ,  and common t o  

abundant w i n t e r  r e s i d e n t .  P r e s e n t  i n  most marshes  
throughout  t h e  year .  Apparent ly  h a s  i n c r e a s e d  
s u b s t a n t i a l l y  i n  r e c e n t  y e a r s .  Max: 9 0 ,  2 1  December 
1979, B i l l  Wil l iams D e l t a  CBC. 

H a b i t a t :  Marshes,  f looded  r i p a r i a n  v e g e t a t i o n .  
Breeding:  Only one d e f i n i t e  b reed ing  r e c o r d ,  a downy young s e e n  1 

A p r i l  1978 a t  B i l l  Wil l iams D e l t a ,  b u t  d o u b t l e s s  b r e e d s  
more commonly. 

Food : Mainly worms, i n s e c t  l a r v a e ,  o t h e r  i n v e r t e b r a t e s .  
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Sora  (Porzana c a r o l i n a )  
S t a t u s :  Common w i n t e r  r e s i d e n t  and t r a n s i e n t  throughout  t h e  

v a l l e y  between August and e a r l y  May. ~ l t h o u ~ h  t h e r e  a r e  
summer r e c o r d s  f o r  Topock Marsh, t h e r e  a r e  no d e f i n i t e  
b reed ing  r e c o r d s .  Max: 8 1 ,  21 December 1979, B i l l  
Will iams D e l t a .  

H a b i t a t :  Marshes, smal l  ponds and a g r i c u l t u r a l  c a n a l s .  
Food: Molluscs ,  o t h e r  i n v e r t e b r a t e s ,  a q u a t i c  s e e d s  and 

v e g e t a t i o n .  

Black R a i l  ( L a t e r a l l u s  j amaicens i s )  
S t a t u s :  Permanent r e s i d e n t  i n  s m a l l  numbers on ly  i n  v i c i n i t y  of 

I m p e r i a l  Dam, f i r s t  no ted  i n  1969. T o t a l  p o p u l a t i o n  h a s  
been e s t i m a t e d  a t  abou t  100, between M i t t r y  Lake and 
West Pond. One n o r t h e r l y  r e c o r d ,  18 A p r i l  1979 a t  B i l l  
Will iams D e l t a .  

H a b i t a t :  P r i m a r i l y  marshes c o n t a i n i n g  th ree -square  b u l r u s h  
( S c i r p u s  americanus) .  

Breeding: Nest composed of f i n e  g r a s s ,  found i n  marshes.  6-10 
eggs  l a i d  from March-May. 

Food : Mainly i n s e c t s ,  some p l a n t  m a t e r i a l s .  

Common G a l l i n u l e  ( G a l l i n u l a  ch lo ropus)  
S t a t u s :  L o c a l l y  f a i r l y  common permanent r e s i d e n t  and b r e e d e r ,  

bu t  d e c r e a s i n g  i n  abundance i n  t h e  n o r t h e r n  h a l f  of t h e  
v a l l e y  i n  win te r .  Max: 6 6 ,  20 December 1979, P a r k e r  
CBC. 

H a b i t a t :  Marshes, a g r i c u l t u r a l  c a n a l s .  
Breeding: Nests  made of r e e d s  and u s u a l l y  p laced  on t h e  edges  of 

wa te r  i n  v a r i o u s  marsh g r a s s e s .  10-12 eggs  a r e  l a i d  
from May-July. 

Food : Mainly s e e d s ,  v e g e t a t i o n ,  some i n v e r t e b r a t e s .  

American Coot ( F u l i c a  americana)  
S t a t u s :  L o c a l l y  common breeder  and abundant w i n t e r  r e s i d e n t  

throughout  t h e  v a l l e y .  Of ten  o c c u r s  i n  l a r g e  f l o c k s  on 
l a k e s .  Max: 50,000, December 1953 a t  Havasu N a t i o n a l  
W i l d l i f e  Refuge. 

H a b i t a t :  Marshes f o r  b reed ing ;  any open wate r  a t  o t h e r  t imes .  
Breeding: Nes t s ,  u s u a l l y  concea led  i n  r u s h e s ,  a r e  f l o a t i n g  

s t r u c t u r e s  which a r e  sometimes a t t a c h e d  t o  reeds .  8-12 
eggs l a i d  from April-August. 

Food : Mainly a q u a t i c  v e g e t a t i o n ,  some s e e d s ,  i n v e r t e b r a t e s .  

Semipalmated P l o v e r  (Charadr ius  semipalmatus) 
S t a t u s :  Uncommon t r a n s i e n t  i n  s m a l l  numbers i n  l a t e  A p r i l  and 

e a r l y  May, and from e a r l y  August t o  l a t e  October .  One 
seen  22 June 1968 a t  West Pond. 

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  m u d f l a t s .  
Food : Mainly i n s e c t  l a r v a e ,  g r a s s h o p p e r s ,  and o t h e r  i n s e c t s .  
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P i p i n g  P l o v e r  ( C h a r a d r i u s  melodus) 
S t a t u s :  Hypothe t i ca l .  One s e e n  ( b r i g h t  orange l e g s  no ted)  w i t h  

Snowy P l o v e r s  a t  B ly the  on 11 August 1979. A  few w i n t e r  
r e g u l a r l y  a t  P u e r t o  Penasco,  Sonora ,  n o t  f a r  t o  t h e  
s o u t h .  

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  m u d f l a t s .  
Food : Crus taceans ,  i n s e c t s  and l a r v a e .  

Snowy P lover  ( C h a r a d r i u s  a l e x a n d r i n u s )  
S t a t u s :  Uncommon t r a n s i e n t  i n  smal l  numbers from l a t e  March t o  

e a r l y  June  and from J u l y  t o  e a r l y  November. Rare  and 
i r r e g u l a r  i n  w i n t e r .  Max: 27,  22 J u l y  1954, Topock 
Marsh. 

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  m u d f l a t s .  
Food : Mainly f l i e s ,  b e e t l e s ,  o t h e r  i n s e c t s  and l a r v a e .  

K i l l d e e r  ( C h a r a d r i u s  v o c i f e r u s )  
S t a t u s :  F a i r l y  common summer b r e e d e r  throughout  t h e  v a l l e y .  

Also ,  common t o  abundant t r a n s i e n t  and w i n t e r  r e s i d e n t  
from September through May, o f t e n  s e e n  i n  l a r g e  f l o c k s .  
Max: 1248, 23 December 1977, P a r k e r  CBC. 

H a b i t a t :  Anywhere n e a r  wa te r ;  e s p e c i a l l y  a g r i c u l t u r a l  f i e l d s ,  
mud£ la ts .  

Breeding: Nes t s  i n  f i e l d s  and on b a r e  g r a v e l l y  ground. U s u a l l y  
l a y s  4  eggs.  Breeds from March-July. 

Food: Mainly i n s e c t  l a r v a e ,  g r a s s h o p p e r s ,  and b e e t l e s .  

Mountain P lover  (Eupoda montanus) 
S t a t u s :  Uncommon t r a n s i e n t  and w i n t e r  r e s i d e n t  i n  smal l  f l o c k s ,  

between e a r l y  November and e a r l y  A p r i l .  Most f r e q u e n t l y  
s e e n  near  Pos ton  and P a r k e r .  Max: 200, 27 November 
1981, Blythe.  

H a b i t a t :  Bare ,  plowed a g r i c u l t u r a l  f i e l d s .  
Food: Mainly g r a s s h o p p e r s ,  b e e t l e s ,  f l i e s ,  and l a r v a e .  

American Golden P l o v e r  ( P l u v i a l i s  dominica) 
S t a t u s :  Very r a r e  o r  c a s u a l  t r a n s i e n t .  Three  d e f i n i t e  r e c o r d s :  

12 October 1977 s o u t h  of B l y t h e ,  6  May 1978 ( p h o t o ) ,  and 
18 October  1979, b o t h  n e a r  P a r k e r .  

H a b i t a t :  Plowed a g r i c u l t u r a l  f i e l d s ,  r i v e r b a n k .  
Food: Mainly g r a s s h o p p e r s ,  o t h e r  i n s e c t s ,  and l a r v a e .  

B lack-be l l i ed  P l o v e r  ( P l u v i a l i s  s q u a t a r o l a )  
S t a t u s :  Uncommon t r a n s i e n t  i n  v e r y  s m a l l  numbers from l a t e  March 

t o  l a t e  May, and from mid-July th rough  mid-September. 
Occas iona l  b i r d s  may l i n g e r  i n t o  l a t e  f a l l .  

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  m u d f l a t s .  
Food : Mainly g r a s s h o p p e r s ,  b e e t l e s ,  i n s e c t  l a r v a e .  

Ruddy Turnstone ( A r e n a r i a  i n t e r p r e s )  
S t a t u s :  Casual  f a l l  t r a n s i e n t .  Three  r e c o r d s  from Lake Havasu: 

16 September 1952, 21 August 1953, and 3 September 1977. 
H a b i t a t  : S h o r e l i n e .  
Food : Mainly m o l l u s c s ,  c r u s t a c e a n s ,  and i n s e c t s .  
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Black Turnstone 

Status: 

Habitat: 
Food: 

(Arenaria melanocephala) 
Casual visitor. One record, 21 May 1978 at Lake Havasu. 
Wintering birds in the Gulf of California are a 
potential source of such strays. 
Shoreline. 
Mainly molluscs, crustaceans, and insects. 

Common Snipe (Capella gallinago) 
Status: Fairly common transient and winter resident in wet areas 

throughout the valley from September to late April. 
First birds arrive in early August and late transients 
are recorded into early May. One bird photographed on 
18 July 1979 at Poston was unseasonal for the region. 
Max: 100, Bill Williams Delta, 17 December 1957. 

Habitat: Irrigated fields, marshes, wet riparian vegetation. 
Food: Mainly worms, insect larvae, and insects. 

Long-billed Curlew (Numenius americanus) 
Status: Uncommon to fairly common transient between mid-March 

and late September, with the peak migration occurring in 
April and again from mid-July through early September. 
Occasionally seen in large flocks at those times; early 
summer records are usually of singles or pairs. Max: 
190, 28 September 1974, San Luis. 

Habitat: Plowed or grassy agricultural fields, sandbars. 
Food: Various insects, larvae, and worms. 

Whimbrel (Numenius phaeopus) 
Status: Uncommon transient from late March to late May, and from 

July to mid-September. Most regularly seen near Blythe 
and Poston in early August. Max: 8, 2 August 1976, 
Ripley, CA. 

Habitat: Plowed agricultural fields, sandbars. 
Food : Mainly grasshoppers, beetles, spiders, other 

invertebrates . 
Upland Sandpiper (Bartramia longicauda) 

Status: Casual fall transient. Two sight records: 11 September 
1952 at Lake Havasu and 9 September 1978 at Imperial 
National Wildlife Refuge. 

Habitat: .Agricultural fields, shorelines. 
Food: Mainly grasshoppers, beetles, and bugs. 

Spotted Sandpiper (Actitis macularia) 
Status: Common transient and winter resident between September 

and April. Present in very small numbers through 
summer, increasing steadily in fall and decreasing in 
spring. No breeding records. Max: 84, 23 December 
1977, Parker CBC. 

Habitat: Riverbanks, sandbars, agricultural canals. 
Food : Various insects, larvae, crustaceans, and small fish. 
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S o l i t a r y  Sandpiper (Tringa s o l i t a r i a )  
S t a t u s :  Uncommon f a l l  t r a n s i e n t  from e a r l y  August t o  

mid-October. An extremely e a r l y  bird-was a t  Topock, 8  
J u l y  1953. Rare i n  spr ing  from e a r l y  Apr i l  t o  e a r l y  
May, and one win ter  record ,  26 December 1950 near  Yuma. 

Hab i t a t :  I r r i g a t e d  f i e l d s ,  marshes,  r iverbanks .  
Food : Various i n s e c t s ,  l a r v a e ,  c rus taceans .  

Greater  Yellowlegs (Tringa melanoleuca) 
S t a t u s :  F a i r l y  common t r a n s i e n t  from mid-March through l a t e  

Apr i l  and from e a r l y  August t o  l a t e  September. Uncommon 
i n  J u l y  wi th  an extremely e a r l y  b i r d  a t  Parker ,  22 June 
1953. Also an uncommon winter  r e s i d e n t  l o c a l l y  
throughout the  va l l ey .  

Hab i t a t :  I r r i g a t e d  f i e l d s ,  marshes,  r iverbanks .  
Food : Aquatic i n s e c t s ,  l a r v a e ,  some f i s h .  

Lesser  Yellowlegs (Tringa f l a v i p e s )  
S t a t u s :  Rare but  r egu la r  spr ing  t r a n s i e n t  i n  Apr i l  and e a r l y  

May, and uncommon f a l l  t r a n s i e n t  from e a r l y  J u l y  
(extreme d a t e  30 June 1953) t o  l a t e  September. 

Habi ta t :  I r r i g a t e d  f i e l d s ,  mudflats .  
Food : Aquatic i n s e c t s ,  l a r v a e ,  and crus taceans .  

Wi l l e t  (Catoptrophorus semipalmatus) 
S t a tus :  F a i r l y  common t r a n s i e n t  i n  moderate numbers from e a r l y  

~ ~ r i l -  t o  mid-May and aga in  i n  Ju ly .  Uncommon i n  small  
f l o c k s  through most of June and i n  August; r a r e  i n  e a r l y  
September. There i s  one l a t e r  record:  four  on 26 
October 1979, near  Yuma. Max: 260, 30 J u l y  1953, 
Topock Marsh. 

Habi ta t :  Marshes, sandbars ,  i r r i g a t e d  f i e l d s .  
Food: Aquatic i n s e c t s ,  c rus t aceans ,  mol luscs ,  small  f i s h .  

Red Knot ( C a l i d r i s  canutus)  
S t a tus :  Casual o r  very r a r e  f a l l  t r a n s i e n t .  Five records :  23 

J u l y  1952 a t  Topock, 9 August 1950 a t  Lake Havasu, 2  
October 1959 near  Imper ia l  Dam, 6 October 1979 e a s t  of 
Yuma, and 28 November 1975 near  Davis Dam. Also one 

. s p r i n g  s igh t ing :  1  May 1975 near  Davis Dam. 
Hab i t a t :  I r r i g a t e d  f i e l d s ,  marshes,  mudflats .  
Food: Mainly c rus t aceans  and i n s e c t  l a rvae .  

Pec to ra l  Sandpiper ( C a l i d r i s  melanotos) 
S t a t u s :  Uncommon f a l l  t r a n s i e n t  from mid-September t o  e a r l y  

November, r a r e l y  appearing a s  e a r l y  a s  l a t e  August. Two 
r e l i a b l e  sp r ing  s i g h t  records:  9 A p r i l  1975 ( 2 )  near  
Davis Dam, and 15 Apr i l  1979 a t  Blythe,  and one win ter  
s i g h t i n g ,  30 December 1957 a t  Martinez Lake. 

Habi ta t :  I r r i g a t e d  f i e l d s ,  marshes. 
Food : Mainly f l i e s ,  amphipods, o t h e r  i n s e c t s ,  and vegetab le  

mat te r .  
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Ba i rd  Sandpiper  
S t a t u s :  

H a b i t a t :  
Food : 

L e a s t  Sandpiper  
S t a t u s :  

H a b i t a t :  
Food: 

( C a l i d r i s  b a i r d i i )  
Uncommon f a l l  t r a n s i e n t  i n  September; r a r e  i n  August ,  
October ,  and e a r l y  November. T W O  s e e n  8  J u l y  1953 a t  
Topock Marsh were v e r y  e a r l y .  Four s p r i n g  s i g h t  
r ecords :  13 March, 8  A p r i l  ( a ) ,  and I  May ( 4 )  1975 n e a r  
Davis Dam, and 2  May 1979 a t  Blythe .  
I r r i g a t e d  f i e l d s ,  mudf l a t s  , marshes.  
I n s e c t s ,  l a r v a e ,  and amphipods. 

( C a l i d r i s  m i n u t i l l a )  
Common t o  abundant t r a n s i e n t  and w i n t e r  r e s i d e n t  from 
August through A p r i l ,  b u t  v e r y  r a r e  by mid-May. An 
e a r l y  f a l l  r ecord  is  f o r  29 June  1977, b u t  t h i s  s p e c i e s  
remains uncommon through J u l y .  
Riverbanks ,  s a n d b a r s ,  m u d f l a t s ,  a g r i c u l t u r a l  f i e l d s .  
Var ious  i n s e c t s  and l a r v a e .  

Dunl in  ( C a l i d r i s  a l p i n a )  
S t a t u s :  Rare bu t  r e g u l a r  l a t e  f a l l  t r a n s i e n t  and w i n t e r  v i s i t o r  

from mid-October t o  mid-March. Only one e a r l i e r  r e c o r d ,  
16 September 1955 a t  I m p e r i a l  N a t i o n a l  W i d l l i f e  Refuge. 
Also a  few r e c o r d s  of s p r i n g  t r a n s i e n t s  i n  A p r i l  and 
e a r l y  May. Max: 21,  28 January  1978, B i l l  W i l l i a m s  
D e l t a  . 

H a b i t a t :  Mudf la t s ,  sandbars .  
Food : Molluscs ,  worms, c r u s t a c e a n s ,  i n s e c t s ,  and s p i d e r s .  

Semipalmated Sandpiper ( C a l i d r i s  p u s i l l a )  
S t a t u s :  Casual t r a n s i e n t .  One r e c o r d ,  31 August 1980 a t  Lake 

Havasu ( p h o t o ) .  There  a r e  numerous r e c e n t  r e c o r d s  of 
t h i s  s p e c i e s  e l sewhere  i n  Arizona and s o u t h e r n  
C a l i f o r n i a .  

H a b i t a t :  Mudflats.  
Food : Mainly b e e t l e s ,  f l i e s ,  bugs ,  and i n s e c t  l a r v a e .  

Western Sandpiper ( C a l i d r i s  mauri )  
S t a t u s :  F a i r l y  common s p r i n g  t r a n s i e n t  from A p r i l  i n t o  e a r l y  

May. - F a l l  m i g r a t i o n  i s  more f a i r l y  common 
i n  August, uncommon i n  J u l y ,  September, and e a r l y  
October. A few r e c o r d s  i n  December and J a n u a r y  i n d i c a t e  
t h a t  t h i s  s p e c i e s  may w i n t e r  i r r e g u l a r l y .  

H a b i t a t :  I r r i g a t e d  f i e l d s ,  s a n d b a r s ,  m u d f l a t s .  
Food : Mainly i n s e c t s ,  l a r v a e ,  and o t h e r  i n v e r t e b r a t e s .  

Sander l ing  ( C a l i d r i s  a l b a )  - 
S t a t u s :  Rare but  r e g u l a r  f a l l  t r a n s i e n t  from l a t e  August t o  l a t e  

September. One l a t e r  r e c o r d ,  28 November 1975 n e a r  
Davis Dam. Rare  and i r r e g u l a r  i n  s p r i n g ,  from e a r l y  
A p r i l  t o  l a t e  May. Usua l ly  s e e n  s i n g l y ,  b u t  n o t e  
maximum. Max: 60,  22 September 1980, s o u t h  of Blythe .  

H a b i t a t :  Lakeshore,  s a n d b a r s ,  a g r i c u l t u r a l  f i e l d s .  
Food : Crus taceans ,  i n s e c t s ,  and l a r v a e .  
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S h o r t - b i l l e d  Dowitcher (Limnodromus g r i s e u s )  
S t a t u s :  Rare  bu t  r e g u l a r  f a l l  t r a n s i e n t  th roughout  August and 

September. One a d d i t i o n a l  e a r l y  r e c o r d :  t h r e e  on 1  
J u l y  1973 n o r t h e a s t  of Yuma. 

H a b i t a t :  I r r i g a t e d  plowed f i e l d s ,  marshes.  
Food : Mainly i n s e c t s  and l a r v a e .  

Long-bil led Dowitcher (Limnodromus sco lopaceus )  
S t a t u s :  Uncommon i n  s m a l l  f l o c k s  from mid-July th rough  t h e  

w i n t e r  i n t o  e a r l y  May, f a i r l y  common t r a n s i e n t  i n  A p r i l  
and August. Rare  i n  mid-May and e a r l y  a g a i n  i n  J u l y ;  
one June r e c o r d :  15 June  1978 a t  Mart inez  Lake. Max: 
200, 29 January  1957, I m p e r i a l  N a t i o n a l  W i l d l i f e  Refuge.  

H a b i t a t :  I r r i g a t e d  f i e l d s ,  marshes ,  m u d f l a t s .  
Food : I n s e c t s ,  l a r v a e ,  o t h e r  i n v e r t e b r a t e s .  

S t i l t  Sandpiper  (Micropalama himantopus) 
S t a t u s :  Casual  t r a n s i e n t .  One r e c o r d ,  two s e e n  17 August 1979 

n e a r  Bard. T h i s  s p e c i e s '  r e g u l a r i t y  a t  Phoenix and t h e  
S a l t o n  Sea s u g g e s t s  i t  may be overlooked a long  t h e  
Colorado River .  

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  probably  r i v e r  and marsh. 
Food : P r i m a r i l y  i n s e c t  l a r v a e ,  some v e g e t a t i o n .  

Marbled Godwit (Limosa fedoa)  
S t a t u s :  Uncommon s p r i n g  t r a n s i e n t  from l a t e  March t o  e a r l y  May, 

and f a i r l y  common f a l l  t r a n s i e n t  i n  s m a l l  f l o c k s  from 
mid-July t o  mid-August. Rare  a s  a  t r a n s i e n t  o r  l i n g e r e r  
o u t s i d e  t h e  main m i g r a t i o n  p e r i o d ,  between mid-June and 
mid-November. Max: 180, 29 A p r i l  1952, Topock Marsh. 

H a b i t a t :  S h o r e l i n e s ,  s a n d b a r s ,  a g r i c u l t u r a l  f i e l d s .  
Food : Molluscs ,  c r u s t a c e a n s ,  i n s e c t s ,  and l a r v a e .  

American Avocet ( R e c u r v i r o s t r a  americana)  
S t a t u s :  F a i r l y  common t r a n s i e n t  from mid-March t o  l a t e  May and 

from l a t e  J u l y  th rough  September. F a l l  m i g r a t i o n  o f t e n  
ex t remely  p r o t r a c t e d  w i t h  r e c o r d s  from l a t e  June 
o c c a s i o n a l l y  i n t o  December. Rare and i r r e g u l a r  th rough  
w i n t e r  months. Usua l ly  s e e n  i n  s m a l l  f l o c k s .  Max: 
2500, 21 September 1959, Topock Marsh. 

H a b i t a t :  Marshes,  s h o r e l i n e s ,  i r r i g a t e d  f i e l d s .  
Food : Aquat ic  p l a n t  s e e d s ,  i n s e c t s ,  and l a r v a e .  

Black-necked S t i l t  (Himantopus mexicanus) 
S t a t u s :  Rare  and l o c a l  b r e e d e r  i n  some y e a r s  (e .g . ,  1956, 1980).  

F a i r l y  common t r a n s i e n t  i n  smal l  f l o c k s  from mid-March 
t o  t h e  end of May and from mid-July t o  mid-September. 
Uncommon t r a n s i e n t  i n  l a t e  June ,  and e a r l y  October .  One 
w i n t e r  r ecord ;  two s e e n  a t  P a r k e r ,  20 December 1979. 

H a b i t a t :  Marshes, i r r i g a t e d  f i e l d s ,  sewage ponds. 
Breeding: Nests  i n  f i e l d s  and a long  margins of ponds. Breeds 

A p r i l  t o  August. Lays 4 eggs.  
Food: Mainly a q u a t i c  i n s e c t s ,  l a r v a e ,  and o t h e r  i n v e r t e b r a t e s .  
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Red Phalarope (Phalaropus f u l i c a r i u s )  
S t a t u s :  Rare and i r r e g u l a r  f a l l  t r a n s i e n t  from mid-September t o  - 

l a t e  November. One e a r l i e r  r eco rd ,  4  August 1946 a t  
Parker ,  and one s p r i n g  r eco rd ,  1  A p r i l  1977 a t  Lake 
Havasu. 

Habi ta t :  Large l akes .  
Food : Crustaceans,  i n s e c t s ,  t i n y  f i s h .  

Wilson Phalarope (Steganopus t r i c o l o r )  
S t a t u s :  Uncommon spr ing  t r a n s i e n t  i n  l a t e  A p r i l  and e a r l y  May, - 

with  an excep t iona l ly  e a r l y  r eco rd , -27  March 1959 a t  
West Pond. F a l l  migra t ion  more p ro t r ac t ed ;  f a i r l y  
common i n  August, and uncommon i n  Ju ly  and September. 
Flocks seen occas iona l ly  i n  mid- o r  l a t e  June a r e  
probably a l s o  southbound migran ts .  Max: 346, 2  
September 1961, Imper ia l  Nat iona l  W i l d l i f e  Refuge. 

Hab i t a t :  I r r i g a t e d  f i e l d s ,  marshes,  ponds. 
Food : Mainly f l i e s ,  a q u a t i c  bugs,  and b e e t l e s .  

Northern Phalarope (Lobipes l o b a t u s )  
S t a t u s :  Uncommon f a l l  t r a n s i e n t ,  bu t  sometimes i n  l a r g e  f l o c k s  

on l a r g e  r e s e r v o i r s ,  from mid-August t o  mid-October. 
Has been recorded a s  e a r l y  a s  l a t e  Ju ly .  Rare and 
i r r e g u l a r  i n  spr ing ;  recorded 16 May 1952 a t  B i l l  
Williams Del ta  ( 2 4 ) ,  19 May 1952 a t  Lake Havasu, 8 May 
1961 a t  Imper ia l  Nat iona l  W i l d l i f e  Refuge ( 4 ) ,  and 26 
May 1979 a t  Lake Havasu (photo) .  Max: 644, 18 August 
1954, Topock Marsh. 

Hab i t a t :  Large l akes ;  occas iona l ly  r i v e r  channels ,  i r r i g a t e d  
f i e l d s .  

Food : Aquatic i n s e c t s  and l a rvae .  

Pomarine Jaeger  ( S t e r c o r a r i u s  pomarinus) 
S t a t u s :  Casual t r a n s i e n t .  Two records  from Lake Havasu: 26 

September 1950 and 3-5 September 1977 (2 ) .  
Hab i t a t :  Open water.  
Food : Live o r  dead f i s h  and o t h e r  animals ,  o f t e n  s t e a l s  food 

from o t h e r  seab i rds .  

Long-tailed Jaeger  ( S t e r c o r a r i u s  longicaudus)  
S t a t u s :  Casual t r a n s i e n t .  Two a d u l t s  photographed a t  Lake 

Havasu 4  September 1977, and an  immature c a r e f u l l y  
i d e n t i f i e d  t he re  on 14 September 1977. 

Hab i t a t :  Open water. 
Food: Same a s  Pomarine Jaeger .  

P a r a s i t i c  Jaeger  ( S t e r c o r a r i u s  p a r a s i t i c u s )  
S t a t u s :  Rare but  poss ib ly  r e g u l a r  f a l l  t r a n s i e n t  i n  September 

and e a r l y  October. Recorded on Lake Havasu a t  l e a s t  i n  
1947, 1953, 1977, and 1980, and a t  Davis Dam 17 
September 1976. 

Hab i t a t :  Open water.  
Food: Same a s  o ther  jaegers .  
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Glaucous-winged 
S t a t u s :  

H a b i t a t  : 
Food : 

G u l l  (Larus  g l a u c e s c e n s )  
Casual  w i n t e r  v i s i t o r .  Four r e c o r d s :  4-24 February  
1954 on Lake Havasu, 17 November 1956 a t  I m p e r i a l  
N a t i o n a l  W i l d l i f e  Refuge,  a l l  w i n t e r  1975-76 a t  Davis 
Dam, and 19 December 1977 a t  I m p e r i a l  Dam. 
Open water .  
Omnivorous; f i s h ,  o t h e r  animal  f o o d s ,  garbage.  

Western G u l l  (Larus  o c c i d e n t a l i s )  
S t a t u s :  Casual  w i n t e r  v i s i t o r .  One immature c o l l e c t e d  on 12 

December 1946 a t  P a r k e r  D a m ,  i d e n t i f i e d  a s  t h e  nominate 
r a c e  L. o .  o c c i d e n t a l i s .  -- 

H a b i t a t :  Open wate r .  
Food : Omnivorous: f i s h ,  o t h e r  an imal  f o o d s ,  garbage.  

Her r ing  G u l l  (Larus  a r g e n t a t u s )  
S t a t u s :  Rare bu t  r e g u l a r  w i n t e r  v i s i t o r  between mid-November and 

mid-April.  Most r e c o r d s  a r e  from Lake Havasu. 
H a b i t a t :  Open w a t e r ,  r a r e l y  f looded  f i e l d s .  
Food : Omnivorous: f i s h ,  o t h e r  animal  f o o d s ,  garbage.  

Thayer G u l l  (Larus  t h a y e r i )  
Casual  w i n t e r  v i s i t o r .  Three  r e c o r d s :  13 December 1946 S t a t u s :  

H a b i t a t :  
Food : 

C a l i f o r n i a  Gul l  
S t a t u s :  

H a b i t a t :  
Food : 

a t  Lake Havasu, 12 December 1974, 18 February 1975 (1-2 
immatures) a t  Davis Dam, 17 January  1976 ( 3 )  a t  Davis  
Dam, and 26 November 1978 a t  I m p e r i a l  Dam. 
Open water .  
Omnivorous: f i s h ,  o t h e r  an imal  f o o d s ,  garbage.  

(Larus  c a l i f o r n i c u s )  
Uncommon e a r l y  f a l l  t r a n s i e n t  from l a t e  J u l y  t o  e a r l y  
September,  and uncommon t o  f a i r l y  common s p r i n g  
t r a n s i e n t  i n  A p r i l .  Rare t o  uncommon i n  w i n t e r ,  
o c c a s i o n a l l y  i n  l o c a l  c o n c e n t r a t i o n s  a t  Davis Dam; r a r e  
b u t  r e g u l a r  through summer and i n  l a t e  f a l l .  
Open w a t e r ,  s a n d b a r s ,  mar inas .  
h n i v o r o u s :  f i s h ,  o t h e r  animal  f o o d s ,  garbage.  

R ing-b i l l ed  Gul l  (Larus  d e l a w a r e n s i s )  
S t a t u s :  F a i r l y  common t o  l o c a l l y  common i n  w i n t e r  from November 

th rough  e a r l y  March. Uncommon f a l l  t r a n s i e n t  i n  smal l  
f l o c k s  beginning i n  l a t e  J u l y .  Also,  uncommon s p r i n g  
t r a n s i e n t  through A p r i l .  Rare  bu t  r e g u l a r  i n  s m a l l  
numbers through summer. 

H a b i t a t :  Lakes ,  r i v e r ,  dams, a g r i c u l t u r a l  f i e l d s .  
Food: F i s h ,  i n s e c t s ,  o t h e r  animal  f o o d s ,  garbage.  

Mew Gul l  (Larus  canus)  -- 
S t a t u s :  Casual  w i n t e r  v i s i t o r  o r  t r a n s i e n t .  One a d u l t  and t h r e e  

immatures p r e s e n t  20 March-3 A p r i l  1979 a t  Davis Dam 
( p h o t o s )  and a  p robab le  a d u l t  s e e n  25 January 1978 above 
Davis Dam. 

H a b i t a t :  Open water .  
Food : Mainly f i s h ,  o t h e r  animal foods .  
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Black-headed G u l l  (Larus  r i d i b u n d u s )  
S t a t u s :  H y p o t h e t i c a l .  A worn-plumaged g u l l  s e e n  and 

photographed 14-16 June 1978 a t  I m p e r i a l  N a t i o n a l  
W i l d l i f e  Refuge may have been t h i s  s p e c i e s .  

H a b i t a t :  Marshes,  sandbars .  
Food : I n s e c t s ,  s m a l l  f i s h  and c r u s t a c e a n s .  

Laughing G u l l  (Larus  a t r i c i l l a )  
S t a t u s :  Casual t r a n s i e n t .  Three r e c o r d s :  one c o l l e c t e d  3 

September 1960 n e a r  I m p e r i a l  Dam, one  photographed 17-20 
March 1979 a t  Davis Dam, and a n  a d u l t  s e e n  12 June 1981 
a t  C ibo la  Na t iona l  W i l d l i f e  Refuge. 

H a b i t a t :  Open wate r .  
Food : Mainly i n s e c t s ,  small f i s h .  

F r a n k l i n  G u l l  (Larus  p i p i x c a n )  
S t a t u s :  Rare  and i r r e g u l a r  f a l l  t r a n s i e n t  i n  October and 

November, and i n  s p r i n g  from l a t e  March t o  e a r l y  June.  
Also t h r e e  seen  25 August 1978 a t  Lake Havasu. 

H a b i t a t :  Open w a t e r ,  sandbars .  
Food: Mainly i n s e c t s ,  smal l  f i s h .  

Bonaparte G u l l  (Larus  p h i l a d e l p h i a )  
S t a t u s :  Rare t r a n s i e n t  and w i n t e r  v i s i t o r  w i t h  r e c o r d s  f o r  e v e r y  

month of t h e  y e a r ;  b u t  r e g u l a r  on ly  i n  November. A 
l a r g e  f l i g h t  occurred i n  l a t e  s p r i n g  1977 w i t h  over  30 
s e e n  between 22 A p r i l  and 1 J u l y .  

H a b i t a t :  Open w a t e r ,  sandbars .  
Food : Mainly i n s e c t s ,  smal l  f i s h ,  and c r u s t a c e a n s .  

Heermann G u l l  (Larus  heermanni)  
S t a t u s :  Very r a r e  but p o s s i b l y  r e g u l a r  f a l l  t r a n s i e n t  i n  r e c e n t '  

y e a r s .  Recorded 17 September 1976 a t  Davis Dam, 15 
October 1977 n e a r  P a r k e r ,  28 October  1977 s o u t h  of 
B l y t h e ,  10 November 1978 ( 2  a d u l t s )  a t  I m p e r i a l  N a t i o n a l  
W i l d l i f e  Refuge,  12 November 1980 - one a t  Lake Havasu 
and one a t  Ehrenberg,  and 13 November 1955 a t  I m p e r i a l  
N a t i o n a l  W i l d l i f e  Refuge. 

H a b i t a t :  Open wate r .  
Food : Mainly f i s h ,  o t h e r  seafood.  

Black-legged K i t t i w a k e  ( R i s s a  t r i d a c t y l a )  
S t a t u s :  Casual t r a n s i e n t  and w i n t e r  v i s i t o r .  Recorded: 11-19 

November 1978 a t  Parker  Dam ( a d u l t ) ,  24 November 1973 a t  
Mart inez  Lake ( immature) ,  28 November t o  5 December 1980 
a t  Lake Havasu ( 2  immatures,  one c o l l e c t e d ) ,  w i t h  two 
more immatures a t  P a r k e r  Dam u n t i l  l a t e  February  1981, 
18-20 February 1975 a t  Davis D a m ,  and 10 December 1975 
t o  25 February 1976 ( 1  a d u l t  and 2-3 immatures) a t  Davis  
Dam. 

H a b i t a t :  Open water .  
Food : Mainly f i s h  and garbage.  
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Sabine G u l l  (Xema s a b i n i )  
S t a t u s :  Rare bu t  r e g u l a r  f a l l  t r a n s i e n t  from mid-September 

th rough  October .  A t  l e a s t  20 i n d i v i d u a l s  have been 
recorded  i n  10 d i f f e r e n t  y e a r s  between 1948 and 1980. 
Also a f l o c k  of seven was seen  a t  Mart inez  Lake on 13 
A p r i l  1956, w i t h  one l i n g e r i n g  t o  27 A p r i l ,  and one was 
s e e n  22-23 June 1974 a t  I m p e r i a l  Dam. 

H a b i t a t :  Open water .  
Food : Mainly i n s e c t s ,  smal l  f i s h ,  c r u s t a c e a n s .  

G u l l - b i l l e d  Tern (Ge loche l idon  n i l o t i c a )  
S t a t u s :  Casual  v i s i t o r .  One c o l l e c t e d  from two s e e n  on 24 May 

1959 a t  I m p e r i a l  N a t i o n a l  W i l d l i f e  Refuge.  T h i s  s p e c i e s  
i s  f a i r l y  common a t  t h e  S a l t o n  Sea i n  s o u t h e r n  
C a l i f o r n i a  i n  summer, and f u t u r e  r e c o r d s  a r e  t o  be 
expected.  

H a b i t a t :  R i v e r ,  marsh. 
Food : Mainly i n s e c t s ,  some o t h e r  a q u a t i c  an imals .  

F o r s t e r  Tern ( S t e r n a  f o r s t e r i )  
S t a t u s :  Uncommon t r a n s i e n t  from e a r l y  A p r i l  through September,  

e x c e p t  from mid-July t o  l a t e  August when i t  i s  f a i r l y  
common. Rare i n  March and October ,  w i t h  a few r e c o r d s  
a s  l a t e  a s  December. Northbound and southbound m i g r a n t s  
a p p a r e n t l y  occur  i n  J u n e ,  a s  w i t h  some o t h e r  Grea t  Basin  
n e s t i n g  s p e c i e s .  Max: 54 ,  30 J u l y  1953, Topock Marsh. 

H a b i t a t  : R i v e r ,  l a k e s ,  marshes.  
Food : Mainly i n s e c t s ,  o t h e r  a q u a t i c  an imals .  

Common Tern ( S t e r n a  h i rundo)  
S t a t u s :  Uncommon t o  f a i r l y  common f a l l  t r a n s i e n t  from mid-August 

t o  l a t e  September,  r a r e l y  u n t i l  mid-October. T h i s  
s p e c i e s  h a s  r e c e n t l y  been found t o  g r e a t l y  outnumber S. - 
f o r s t e r i  on Lake Havasu i n  l a t e  August and e a r l y  
September. Two s p r i n g  s i g h t  r e c o r d s :  18 A p r i l  1977 and 
22 May 1979 n e a r  Parker .  

H a b i t a t  : Lake, r i v e r ,  sandbars .  
Food : P r i m a r i l y  s m a l l  f i s h .  

Leas t  Tern ( S t e r n a  a l b i f r o n s )  
S t a t u s :  Casual  t r a n s i e n t  o r  post -breeding v i s i t o r ;  f o u r  r e c o r d s :  

18 June  1953 a t  Lake Havasu ( s p e c . ) ,  30 J u l y  1959 and 1 
J u l y  1973 a t  I m p e L i a l  Dam, and 19-20 June 1980 a t  Cibola  
N a t i o n a l  W i l d l i f e  Refuge. 

H a b i t a t :  Open w a t e r ,  marsh. 
Food : Mainly s m a l l  f i s h .  

Caspian Tern ( S t e r n a  c a s p i a )  
S t a t u s :  Uncommon t r a n s i e n t  i n  l a t e  March and A p r i l  and from 

e a r l y  June  through September. R a r e l y  l i n g e r s  i n t o  l a t e  
f a l l  and even through w i n t e r  (1977-78 a t  I m p e r i a l  Dam). 
Max: 34,  11 September 1953, B i l l  Wil l iams D e l t a .  

H a b i t a t :  R i v e r ,  marsh,  sandbars .  
Food : Mainly f i s h .  
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Black Tern (Chlidonias  n i g e r )  
S t a t u s :  Uncommon t r a n s i e n t  from l a t e  Apr i l  through 

mid-September , wi th  north- and- southbound migrants  
occurr ing i n  June. Max: 66,  11 September 1959, near  
Yuma . 

Habi ta t :  River ,  marsh, l a k e s ,  a g r i c u l t u r a l  f i e l d s .  
Food: Mainly i n s e c t s ,  small  f i s h .  

Black Skimmer (Rynchops n i g e r )  
S t a tus :  Casual t r a n s i e n t  o r  post-breeding v i s i t o r .  Three 

records :  12 June 1977 near  ~ a r t i n e z  Lake (pho to ) ,  2-4 
September 1977 a t  Lake Havasu (pho to ) ,  and 30 August 
1979 a t  Cibola National  Wi ld l i f e  Refuge. This  spec i e s  
now breeds a t  t h e  Sa l ton  Sea i n  southern C a l i f o r n i a ,  and 
more records  a r e  expected. 

Habi ta t :  River ,  sandbars.  
Food : Mainly small  f i s h ,  c rus taceans .  

Band-tailed Pigeon (Columba f a s c i a t a )  
S t a tus :  Casual s t r a g g l e r  from higher  e l eva t ions ;  about four  

records:  ~ & a  (specimen-at Univers i ty  bf Arizona sensu 
Monson), 29 October 1977 a t  B i l l  Williams De l t a ,  10 J u l y  
1978 n o r t h  of Blythe,  and 22-31 May 1979 a t  Blythe 
(photo) .  

Habi ta t :  T a l l  t r e e s  i n  r i p a r i a n  o r  a g r i c u l t u r a l  a r eas .  
Food : Seeds, f r u i t .  

Rock Dove (Columba l i v i a )  
S t a tus :  Local ly common r e s i d e n t  and breeder  throughout t h e  

v a l l e y  wherever human h a b i t a t i o n s  occur.  
Habitat :  C i t i e s ,  t r a i l e r  parks ,  farm houses,  f e e d l o t s .  
Food : Seeds, human refuse .  

White-winged Dove (Zenaida a s i a t i c a )  
S t a tus :  Local ly abundant summer r e s i d e n t  and breeder  throughout 

t h e  v a l l e y  from Apr i l  t o  mid-August. F i r s t  migrants  
a r r i v e  i n  e a r l y  March. Most b i r d s  l eave  the  v a l l e y  
before  the  September hunting season,  bu t  small  numbers 
a r e  seen u n t i l  October and a few have wintered i n  t h e  
Yuma a rea .  

Habitat :  .Most abundant i n  dense r i p a r i a n  woodlands, e s p e c i a l l y  
t a l l  screwbean mesquite and s a l t  cedar  s t a n d s ,  a l s o  
c i t r u s  orchards ,  l e s s  so i n  d e s e r t  and urban a reas .  
Feeds ex t ens ive ly  i n  a g r i c u l t u r a l  f i e l d s .  

Breeding: Nests i n  mesquite and s a l t  cedar.  Nests a r e  l oose ly  
cons t ruc ted  of s t i c k s .  Breeds from May-June. Lays 2 
eggs* 

Food : Pr imar i ly  a g r i c u l t u r a l  crop seeds. 

Mourning Dove (Zenaida macroura) 
S t a tus :  Abundant spr ing  and summer breeder;  l e s s  numerous bu t  

s t i l l  common i n  f a l l  and win ter  throughout t he  va l l ey .  
Habi ta t :  Breeds i n  most r i p a r i a n  h a b i t a t s  a s  we l l  a s  i n  c i t r u s  

orchards;  f eeds  i n  a g r i c u l t u r a l  lands.  Also p re sen t  i n  
d e s e r t  and urban a reas .  
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Breeding: Builds  l o o s e l y  cons t ruc ted  s t i c k  n e s t s  i n  mesquite and 
s a l t  cedar.  Breeds April-September. Lays 2 eggs. 

Food : Weed and a g r i c u l t u r a l  seeds. 

Ground Dove (Columbina pas se r ina )  
S t a tus :  Local ly f a i r l y  common r e s i d e n t ,  though more so i n  t h e  

southern  ha l f  of the  v a l l e y .  
Hab i t a t :  Agr i cu l tu ra l  land and spa r se  r i p a r i a n  vege ta t ion ;  

p r e f e r s  sandy a reas .  
Breeding: Nests a r e  we l l  b u i l t ,  c o n s i s t i n g  of small  twigs and 

g r a s s .  Nests a r e  l oca t ed  near open water i n  willows and 
mesquite. Lays 2 eggs between May and October. 

Food: Seeds. 

Inca Dove (Sca rda fe l l a  - i nca )  
S t a t u s :  Local ly f a i r l y  common r e s i d e n t  around Blythe,  Pa rke r ,  

Needles, and Bullhead Ci ty ;  r a r e  i n  t h e  Yuma a r e a .  
Habi ta t :  Human h a b i t a t i o n s .  
Breeding: From February t o  October. Nests a r e  f l a t t e n e d  p la t forms 

of twigs,  g r a s s ,  and r o o t l e t s ,  cons t ruc t ed  i n  
cottonwoods, mesquite ,  and cac tus .  Lays 2 eggs. 

Food : Seeds, f r u i t ,  and o t h e r  p l a n t  ma te r i a l s .  

Yellow-billed Cuckoo (Coccyzus americanus) 
S t a tus :  Local ly f a i r l y  common summer breeder  from June through 

~ u ~ u s t f  r a r e  i n  l a t e  May and e a r l y  September. One l a t e  
record ,  3  October 1959 a t  Imperial  Nat ional  W i l d l i f e  
Refuge. The l a r g e s t  remaining populat ion i s  a t  t he  B i l l  
Williams Del ta ;  decreas ing  elsewhere. 

Habi ta t :  Mature cottonwood-willow a s s o c i a t i o n s ,  r a r e l y  i n  t a l l  
mesquite s t ands  where s c a t t e r e d  cottonwood t r e e s  remain. 

Breeding: Mainly i n  J u l y  and August. Nest ,  a  p la t form of s t i c k s  
on ho r i zon ta l  branch i n  dense f o l i a g e ,  5-15 m above 
ground, u sua l ly  near  water.  One brood of 2-3 young 
r a i s e d  per season. 

Food : Mainly l a r g e  i n s e c t s  such a s  c i cadas ,  g rasshoppers ,  and 
c a t e r p i l l a r s ;  occas iona l ly  t akes  l i z a r d s  and t r e e f r o g s .  

Roadrunner (Geococcyx c a l i f o r n i a n u s )  
S t a tus :  .Common r e s i d e n t  throughout the  va l l ey .  
Habi ta t :  Agr i cu l tu ra l  edges,  r i p a r i a n  vege ta t ion ,  d e s e r t .  
Breeding: Breeds Apr i l  t o  June. Nest ,  compact, 12 i n  diameter  and 

6-8 i n  h igh ,  u sua l ly  3-15 f t  above ground i n  t h i c k e t s .  
Lays 3-5 eggs. 

Food : Mainly i n s e c t s  such a s  grasshoppers ,  c i cadas  and 
b e e t l e s ;  a l s o  takes  r e p t i l e s ,  roden t s ,  and b i r d s .  

Barn Owl (Tyto a l b a )  - 
Sta tus :  F a i r l y  common r e s i d e n t  throughout t he  v a l l e y .  Max: 18, 

20 December 1980, Yuma CBC. 
Habi ta t :  Roosts and n e s t s  i n  t a l l  t r e e s ,  bu i ld ings ,  and c l i f f s ;  

f eeds  over a g r i c u l t u r a l  land.  
Breeding: Breeds January t o  June. Nests i n  c a v i t i e s  i n  t r e e s ,  

c l i f f s ,  o r  banks. One brood of 5-7 young r a i s e d  per  
season. 

Food : Mainly rodents  and b i r d s .  
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Screech O w l  (Otus a s i o )  -- 
S t a t u s :  
H a b i t a t :  
Breeding: 

Flammulated O w l  
S t a t u s :  

H a b i t a t :  
Food: 

F a i r l y  common r e s i d e n t  th roughout  t h e  v a l l e y .  
Dense r i p a r i a n  v e g e t a t i o n ,  t a l l  t r e e s ,  d e s e r t  washes. 
Nests  i n  c a v i t i e s  i n  t a l l  t r e e s  o r  saguaro c a c t i .  

(Otus  flammeolus) 
Casual v i s i t o r .  One heard c a l l i n g  r e p e a t e d l y  from March 
t o  A p r i l  1979 a t  B i l l  Wil l iams D e l t a .  E a r l y  s p r i n g  
m i g r a n t s  a r e  known t o  l i n g e r  i n  lowlands e l sewhere  i n  
Arizona and C a l i f o r n i a .  
R i p a r i a n  woodland. 
Mainly i n s e c t s .  

Grea t  Horned Owl (Bubo v i r g i n i a n u s )  - 
S t a t u s :  F a i r l y  common r e s i d e n t  th roughout  t h e  v a l l e y .  
H a b i t a t :  R i p a r i a n  woodland, d e s e r t  wash. 
Breeding: Nes t s  i n  smal l  c a v e s ,  on l e d g e s ,  i n  cottonwoods and 

s a g u a r o s ,  and i n  o l d  r a p t o r  n e s t s .  Usua l ly  l a y s  2  e g g s ,  
February-May . 

Food : Rodents,  b i r d s ,  o t h e r  v e r t e b r a t e s .  

Elf  O w l  (Micrathene w h i t n e y i )  
S t a t u s :  Very l o c a l  and r a r e  summer r e s i d e n t  between e a r l y  March 

and e a r l y  September. Small  p o p u l a t i o n s  e x i s t  a t  B i l l  
Will iams D e l t a ,  n e a r  Needles and Bullhead C i t y  ( F o r t  
Mohave a r e a ) ,  and p o s s i b l y  n e a r  Yuma and Blythe .  

H a b i t a t :  T a l l  r i p a r i a n  t r e e s ,  a d j a c e n t  d e s e r t .  
Breeding: Nests  i n  c a v i t i e s  i n  t r e e s  o r  saguaro c a c t i .  
Food : Mainly i n s e c t s .  

Burrowing Owl (Athene c u n i c u l a r i a )  
S t a t u s :  F a i r l y  common r e s i d e n t  and b r e e d e r  i n  a g r i c u l t u r a l  a r e a s  - 

throughout  t h e  v a l l e y .  
H a b i t a t :  A g r i c u l t u r a l  l a n d ,  s p a r s e  sandy r i p a r i a n  h a b i t a t .  
Breeding: Nests  i n  burrows i n  t h e  ground, u s u a l l y  i n  c a n a l  banks.  
Food : I n s e c t s ,  r o d e n t s ,  o t h e r  s m a l l  animals .  

Long-eared Owl (Asio  o t u s )  -- 
S t a t u s :  Rare b u t  probably  r e g u l a r  t r a n s i e n t  and w i n t e r  v i s i t o r ;  

recorded between l a t e  November and l a t e  A p r i l .  Also ,  
p o s s i b l y  a  s p o r a d i c  summer b r e e d e r ;  recorded 9  J u l y  1948 
a t  Lake Havasu, 6 June 1960 a t  I m p e r i a l  N a t i o n a l  
W i l d l i f e  Refuge,  29 May 1978 a t  Topock Marsh ( f l e d g l i n g  
photographed) ,  30 June  1979 a c r o s s  from Needles ( a d u l t  
photographed) ,  and 11 June 1981 n o r t h  of Blythe  ( remains  
of immature found) .  Large r o o s t s  and b reed ing  have been 
noted i n  d e s e r t  a r e a s  t o  t h e  e a s t  and west  of t h e  r i v e r  
v a l l e y .  

H a b i t a t :  R i p a r i a n  woods, d e s e r t  washes. 
Food : Mainly roden t s .  

Shor t -eared Owl (Asio - flammeus) 
S t a t u s :  Uncommon w i n t e r  r e s i d e n t  from November through March, 

u s u a l l y  s i n g l y  b u t  o c c a s i o n a l l y  i n  s m a l l  communal 
r o o s t s .  Max: 9 ,  1 January  1959, n e a r  Yuma. 
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H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  r i p a r i a n  edges ,  marshes .  
Food : Mainly r o d e n t s .  

Saw-whet O w l  ( Aegol ius  a c a d i c u s )  
S t a t u s :  Casual v i s i t o r  i n  w i n t e r .  One found dead a t  B i l l  

Will iams D e l t a ,  21 December 1979. T h i s  n o t o r i o u s  
wanderer h a s  been recorded  e l sewhere  i n  t h e  w e s t e r n  
Arizona d e s e r t s  and even a t  P u e r t o  Penasco,  Sonora. 

H a b i t a t :  R i p a r i a n  woodland. 
Food: Mainly s m a l l  roden t s .  

Poor-wi l l  ( P h a l a e n o p t i l u s  n u t t a l l i i )  
S t a t u s :  F a i r l y  common summer r e s i d e n t  a long  t h e  edge of t h e  

r i v e r  v a l l e y  between mid-March and mid-October. 
Occas iona l ly  m i g r a n t s  a r e  found c l o s e r  t o  t h e  r i v e r .  

H a b i t a t :  D e s e r t ,  c l i f f s ;  f e e d s  i n  a d j a c e n t  h a b i t a t s .  
Food : Various  f l y i n g  i n s e c t s .  

Common Nighthawk ( C h o r d e i l e s  minor) 
S t a t u s :  Casual t r a n s i e n t  i n  l a t e  s p r i n g ;  one heard  a t  B i l l  

Will iams D e l t a  13 June  1979. 
H a b i t a t :  A e r i a l ;  f e e d s  over  many h a b i t a t  types .  
Food: F ly ing  i n s e c t s  such a s  a n t s  and mosquitos.  

L e s s e r  Nighthawk ( C h o r d e i l e s  a c u t i p e n n i s )  
S t a t u s :  Common summer r e s i d e n t  and b r e e d e r  between mid-April and 

mid-September. Numbers i n c r e a s e  g r a d u a l l y  a f t e r  t h e  
f i r s t  m i g r a n t s  a r r i v e  i n  e a r l y  March, and d e c r e a s e  
s h a r p l y  through October.  Some have l i n g e r e d  a s  l a t e  a s  
December i n  mild  y e a r s ,  and t h e r e  a r e  even a few 
mid-winter r e c o r d s ,  such  a s  31 January-1 February  1977 
a t  Blythe  ( 2 ) .  

H a b i t a t :  Sparse  o r  burned r i p a r i a n  a r e a s ,  d e s e r t  washes,  towns; 
f o r a g e s  over  a g r i c u l t u r a l  f i e l d s ,  r i v e r ,  and marsh. 

Breeding: Nests on ground. 
Food : B e e t l e s ,  moths ,  ants,  and o t h e r  i n s e c t s .  

Black S w i f t  (Cypse lo ides  n i g e r )  
S t a t u s :  Casual t r a n s i e n t .  Two r e l i a b l e  s i g h t i n g s :  two on 1 

A p r i l  1974 a t  Lake Havasu, and one 9 May 1977 s o u t h  of 
Ehrenberg ( f l y i n g  low w i t h  a l a r g e  f l o c k  of Vaux S w i f t s  
f o r  d i r e c t  s i z e  comparisons) .  T h i s  s p e c i e s  i s  
undocumented i n  Arizona.  

H a b i t a t :  River .  
Food : Fly ing  i n s e c t s .  

Chimney Swif t  (Chae tura  p e l a g i c a )  
S t a t u s :  Casual t r a n s i e n t .  One specimen, 6 May 1930 a t  Bard, and 

one o t h e r  s i g h t i n g  23 J u l y  1974 a t  Laguna Dam. T h i s  
s p e c i e s  has  been recorded  r e g u l a r l y  i n  r e c e n t  y e a r s  i n  
many p a r t s  of t h e  Southwest.  

H a b i t a t :  Forages over  v e g e t a t i o n ,  w a t e r ,  o r  towns. 
Food : Fly ing  i n s e c t s .  
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Vaux S w i f t  (Chae tura  vaux i )  
S t a t u s :  F a i r l y  common but  i r r e g u l a r  s p r i n g  migran t  from 

mid-April through mid-May. Uncommon f a l l  migran t  from 
mid-August through mid-September. Max: 220, 9  May 
1977, Parker  t o  Ehrenberg.  

H a b i t a t :  Forages  over  r i v e r ,  marsh,  r i p a r i a n  v e g e t a t i o n .  
Food : F l y i n g  i n s e c t s .  

White- throated S w i f t  (Aeronautes  s a x a t a l i s )  
S t a t u s :  F a i r l y  common b u t  i r r e g u l a r l y  s e e n  r e s i d e n t  i n  t h e  

n o r t h e r n  h a l f  of t h e  v a l l e y ,  r a r e  i n  t h e  sou th ;  
o c c a s i o n a l l y  i n  l a r g e  f o r a g i n g  f l o c k s  i n  win te r .  Max: 
1210, 20 December 1979, P a r k e r  CBC. 

H a b i t a t :  Breeds a t  d e s e r t  c l i f f s .  Ranges wide ly  t o  f o r a g e  over  
r i v e r ,  a g r i c u l t u r a l  and r i p a r i a n  h a b i t a t s .  

Food: F l y i n g  i n s e c t s .  

Black-chinned Hummingbird (Arch i lochus  a l e x a n d r i )  
S t a t u s :  Common summer r e s i d e n t  and b r e e d e r  from mid-March t o  

mid-September. The f i r s t  m i g r a n t s  ( u s u a l l y  a d u l t  males )  
a r r i v e  i n  l a t e  February  and l a t e  b i r d s  l i n g e r  a t  f e e d e r s  
through October.  

H a b i t a t :  Widespread i n  r i p a r i a n  v e g e t a t i o n ,  e s p e c i a l l y  d e n s e  s a l t  
c e d a r  and around human h a b i t a t i o n s .  

Breeding: Nest  i s  composed of wi l low,  down, and s p i d e r  webs, b u i l t  
i n  cottonwood and wi l low t r e e s .  Usua l ly  2  eggs  a r e  
l a i d ,  April-September. 

Food : N e c t a r ,  smal l  i n s e c t s ,  s p i d e r s .  

Costa Hummingbird (Ca lyp te  c o s t a e )  
S t a t u s :  Uncommon o r  l o c a l l y  f a i r l y  common s p r i n g  b r e e d e r ,  

a r r i v i n g  i n  e a r l y  January  and g e n e r a l l y  d e p a r t i n g  by 
mid-May. A few may l i n g e r  th rough  summer, f a l l ,  and 
e a r l y  w i n t e r  a t  f e e d e r s .  

H a b i t a t :  Deser t  washes and a d j a c e n t  r i p a r i a n  v e g e t a t i o n ;  a l s o  a t  
human h a b i t a t i o n s .  

Food: Nec ta r ,  i n s e c t s .  

Anna Hummingbird (Ca lyp te  anna) 
S t a t u s :  At p r e s e n t ,  a  f a i r l y  common w i n t e r  r e s i d e n t  and uncommon 

. s p r i n g  b reeder  throLghout t h e  v a l l e y .  Apparent ly  h a s  
i n c r e a s e d  s u b s t a n t i a l l y ,  b o t h  i n  numbers and d u r a t i o n  of 
s t a y ,  d u r i n g  t h e  p a s t  20 y e a r s .  Records occur  
throughout  t h e  y e a r ,  p r i m a r i l y  a t  f e e d e r s .  D e f i n i t e  
n e s t i n g  h a s  been noted a t  Y u m a ,  B l y t h e ,  and Parker  Dam. 

H a b i t a t :  Mainly around human h a b i t a t i o n s ;  a i s o  i n  r i p a r i a n  
woodland. 

Breeding: Breeds December-August. Nes t s  a r e  made of p l a n t  
m a t e r i a l ,  down, and cobwebs. Nest  s i t e  i s  v a r i a b l e .  
Two eggs a r e  l a i d .  

Food : N e c t a r ,  i n s e c t s .  
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Broad- ta i l ed  Hummingbird (Se lasphorus  p l a t y c e r c u s )  
S t a t u s :  Casual  migrant .  A male  s e e n  and heard on 29 A p r i l  1979 

a t  B i l l  Will iams D e l t a .  
H a b i t a t :  R i p a r i a n  woodland. 
Food : Nectar .  

Rufous Hummingbird (Se lasphorus  r u f u s )  
S t a t u s :  Uncommon s p r i n g  migran t  from e a r l y  March through 

mid-May. The f i r s t  f a l l  m i g r a n t s  a r r i v e  i n  mid-July, 
becoming f a i r l y  common by l a t e  August and September,  and 
uncommon i n  e a r l y  October.  A female  Se lasphorus  s e e n  27 
December 1977 a t  P a r k e r  Dam, was probably  t h i s  s p e c i e s .  

H a b i t a t  : Flowering p l a n t s  around human h a b i t a t i o n s  and i n  
r i p a r i a n  woodland. 

Food : Nectar .  

Al len  Hummingbird (Se lasphorus  s a s i n )  
S t a t u s :  Probably  a v e r y  r a r e  e a r l y  s p r i n g  and e a r l y  f a l l  

t r a n s i e n t .  S i g h t i n g s  of a p p a r e n t  a d u l t  males  i n c l u d e :  
27 J u l y  1953 a t  P a r k e r ,  28 August-9 September 1960 a t  
Yuma, 17 February 1975 a t  Sommerton, 12 J u l y  1978 n o r t h  
of B l y t h e ,  and 6-10 J u l y  1979 a t  Bly the .  

H a b i t a t :  Flowering p l a n t s  and f e e d e r s .  
Food : Nectar .  

C a l l i o p e  Hummingbird ( S t e l l u l a  c a l l i o p e )  
S t a t u s :  Rare and i r r e g u l a r  s p r i n g  m i g r a n t  from mid-April t o  

e a r l y  May. One f a l l  r e c o r d :  a male s e e n  2 September 
1976 a t  Ehrenberg.  

H a b i t a t :  Flowers o r  f e e d e r s .  
Food : Nectar .  

Broad-bi l led  Hummingbird (Cynanthus l a t i r o s t r i s )  
S t a t u s :  Very r a r e  and i r r e g u l a r  f a l l  o r  w i n t e r  v i s i t o r .  Four 

r e c o r d s :  a male 6-8 September 1979 e a s t  of Yuma, a 
female  30 September 1979 a t  B i l l  Wil l iams D e l t a  ( p h o t o ) ,  
a n  immature male n o r t h  of Bly the  l a t e  September th rough  
November 1979, and a male December through February 
197 5-76 a t  Blythe.  

H a b i t a t :  Flowers o r  f e e d e r s .  T h i s  s p e c i e s  i s  a t t r a c t e d  t o  
blooming t r e e  tobacco ( N i c o t i a n a )  h e r e  and e l sewhere  i n  
Arizona i n  f a l l .  

Food : Nectar .  

Be l ted  K i n g f i s h e r  (Megaceryle a lcyon)  
S t a t u s :  F a i r l y  common w i n t e r  r e s i d e n t  from September through 

March, uncommon i n  l a t e  August and A p r i l .  E a r l y  
a r r i v a l s  r a r e l y  occur  i n  l a t e  J u l y  and some i n d i v i d u a l s  
have l i n g e r e d  through May; a few r e c o r d s  f o r  June.  

H a b i t a t :  Riverbanks ,  ponds,  a g r i c u l t u r a l  c a n a l s .  
Food : Mainly s m a l l  f i s h .  



V e g e t a t i o n  Management - 106 

Common F l i c k e r  ( C o l a p t e s  a u r a t u s )  
S t a t u s :  

H a b i t a t :  

Breeding : 

Food : 

Gila  Woodpecker 
S t a t u s :  

H a b i t a t :  

Breeding : 

Food: 

L o c a l l y  f a i r l y  common permanent r e s i d e n t  and b r e e d e r ,  
a l though  r a r e r  i n  t h e  s o u t h e r n  p a r t s  of t h e  v a l l e y  
(Gi lded  form).  Numbers a r e  g r e a t l y  augmented i n  w i n t e r  
by m i g r a n t s  of t h e  Red-shafted form. Thus,  t h e  s p e c i e s  
o v e r a l l  i s  common throughout  t h e  v a l l e y  between e a r l y  
October and e a r l y  A p r i l .  A t  l e a s t  p a r t  of t h e  b reed ing  
p o p u l a t i o n  a r e  i n t e r g r a d e s  between t h e s e  two forms. The 
Yellow-shafted form i s  a  r a r e  b u t  r e g u l a r  w i n t e r  v i s i t o r  
and a  few Red-shafted X Yellow-shafted i n t e r g r a d e s  have 
been noted.  Max: 279, December 1978, P a r k e r  CBC. 
Breeds i n  mature  r i p a r i a n  woodland c o n t a i n i n g  cottonwood 
o r  wi l low t r e e s ,  a l s o  d e s e r t  washes w i t h  saguaro  c a c t i .  
More widespread i n  w i n t e r .  
Nes t s  i n  c a v i t i e s  i n  t a l l  t r e e s  o r  saguaro  c a c t i .  
Breeding b e g i n s  i n  February.  Two broods a r e  r a i s e d ,  
w i t h  young f l e d g i n g  i n  l a t e  May and e a r l y  J u l y .  
Mainly a n t s  and o t h e r  s m a l l  i n s e c t s  t a k e n  from t h e  
ground o r  t r u n k s  of l a r g e  t r e e s .  

(Melanerpes u r o p y g i a l i s )  
L o c a l l y  common r e s i d e n t  and b r e e d e r  throughout  t h e  
v a l l e y  where t a l l  t r e e s  occur .  
Mature r i p a r i a n  woodland, u s u a l l y  w i t h  cottonwoods o r  
wi l lows;  a l s o  d e s e r t  washes w i t h  saguaro  c a c t i ,  and 
around human h a b i t a t i o n s .  
Nests i n  c a v i t i e s  i n  t a l l  t r e e s  o r  saguaro  c a c t i .  Two 
broods  a r e  r a i s e d ,  f l e d g i n g  i n  May and J u l y .  
Mainly i n s e c t s  and i n s e c t  l a r v a e ,  a l s o  m i s t l e t o e  b e r r i e s  
and c a c t u s  f r u i t .  

Acorn Woodpecker (Melanerpes f o r m i c i v o r u s )  
S t a t u s :  Casual  v i s i t o r .  Three r e c o r d s :  23 October 1950 a t  B i l l  

Will iams D e l t a ,  23 November 1977 a t  Ehrenberg,  and 25 
June  1977 n e a r  Poston.  

H a b i t a t :  T a l l  t r e e s .  
Food : Seeds ,  a n t s ,  and o t h e r  i n s e c t s .  

Lewis Woodpecker (Melanerpes l e w i s )  
S t a t u s :  Rare t o  uncommon f a l l  and w i n t e r  v i s i t o r  from h i g h e r  

e l e v a t i o n s  d u r i n g  " f l i g h t  years." May a l s o  be a r e g u l a r  
f a l l  migran t  i n  ve ry  s m a l l  numbers. Recorded from 
October through March. 

H a b i t a t :  T a l l  t r e e s ,  e s p e c i a l l y  o rchards .  
Food : Grasshoppers ,  b e e t l e s ,  and o t h e r  i n s e c t s .  

Yellow-bell ied Sapsucker (Sphyrapicus  v a r i u s )  
S t a t u s :  L o c a l l y  f a i r l y  common w i n t e r  r e s i d e n t  and t r a n s i e n t  from 

mid-October t o  mid-March; uncommon a s  e a r l y  as 
mid-September and a s  l a t e  as e a r l y  A p r i l .  Near ly  a l l  
b i r d s  a r e  t h e  Red-naped form (S. -- v. n u c h a l i s ) .  The 
E a s t e r n  form (S.  -- v. v a r i u s )  h a s  been noted s e v e r a l  t imes  
i n  f a l l  and w i n t e r  and on 26 A p r i l  1977 a t  Parker .  The 
Red-breasted form ( S .  -- v. d a g g e t t i )  i s  a r a r e  bu t  r e g u l a r  
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v i s i t o r ;  one b i r d  seen southwest of Parker  on 28 January 
1978 was e i t h e r  S. v. ruber  o r  an i n t e r g r a d e  wi th  S. v. --- -- 
d a g g e t t i .  

Habi ta t :  T a l l  r i p a r i a n  t r e e s ,  e s p e c i a l l y  cottonwoods and willows; 
a l s o  ornamental t r e e s  i n  urban areas .  

Food : Tree sap ,  a l s o  a n t s ,  b e e t l e s ,  l a rvae .  

Williamson Sapsucker (Sphyrapicus thyro ideus)  
S t a t u s :  Casual v i s i t o r  from higher  e l eva t ions .  Three s i g h t  

records:  12 March 1861 a t  F t .  Mohave, a  female 7  
December 1946 a t  B i l l  Williams De l t a ,  and a  male 7  
December 1978 i n  t he  Dome Valley no r theas t  of Yuma. 

Habi ta t  : T a l l  t r e e s .  
Food : Tree sap ,  a n t s ,  and o the r  i n s e c t s .  

Ladder-backed Woodpecker (P ico ides  s c a l a r i s )  
S t a tus :  Common r e s i d e n t  and breeder  throughout t he  v a l l e y .  
Habi ta t :  Riparian woodland, d e s e r t  washes. 
Breeding: Nests i n  c a v i t i e s  i n  t r e e  t runks o r  l a r g e  branches. 

Only one brood i s  r a i s e d ,  with 3-4 young f ledging  i n  
l a t e  May o r  e a r l y  June.' Family groups remain toge the r  
i n  summer, then d isperse .  

Food : Bark-dwelling i n s e c t s  and l a r v a e ,  such a s  t e r m i t e s ,  
b e e t l e s ,  and a n t s .  

Eas te rn  Kingbird (Tyrannus tyrannus)  
S t a tus :  Casual f a l l  t r a n s i e n t .  About s i x  records :  4-11 

September 1949 a t  Parker ,  l a t e  August 1967 a t  Topock, 16 
August 1976 a t  Davis Dam, 4-5 September 1976 n o r t h  of 
Blythe,  7-8 September 1977 near  Poston (specimen),  and 4 
September 1979 a t  t h e  same l o c a t i h  near  PosEon. 

Habi ta t :  T a l l  t r e & ,  a g r i c u l t u r a l  land. 
Food : Flying i n s e c t s ,  l a r v a e ,  some f r u i t .  

Tropica l  Kingbird (Tyrannus melancholicus) 
S ta tus :  Casual v i s i t o r  i n  f a l l  and r e c e n t l y  i n  e a r l y  summer. 

Recorded: 1  October 1947 a t .  Topock, 16 ~ i ~ u s t  1954 a t  
. B i l l  Williams De l t a ,  5  June 1978 a t  B i l l  Williams D e l t a ,  

May 1980 a.t Davis Dam, 6  June 1980 i n  t h e  Dome Val ley ,  
and a l s o  10 June 1973 a t  Tacna, e a s t  of Yuma. One 
a d d i t i o n a l  record:  23 March 1957 a t  Pa lo  Verde. 

Habi ta t :  T a l l  t r e e s .  
Food : Aeria l  i n s e c t s  and l a r v a e ,  some f r u i t .  

Western Kingbird (Tyrannus v e r t i c a l i s )  
S t a tus :  Common summer breeder  and t r a n s i e n t  between Apr i l  and 

mid-September. F a i r l y  common a f t e r  i n i t i a l  a r r i v a l  i n  
mid-March, and a l s o  i n  l a t e  September and e a r l y  October; 
ca sua l  a f t e r  mid-October. No winter  records .  

Habi ta t :  T a l l  t r e e s  i n  a g r i c u l t u r a l  a r e a s  and r i p a r i a n  woodland, 
a l s o  around inhabi ted  a reas ;  telephone wires .  

Breeding: Nests i n  canopy of t a l l  t r e e s ,  u sua l ly  cottonwoods. 
Food: Aer i a l  i n s e c t s ,  such a s  b e e t l e s ,  g rasshoppers ,  moths, 

and cicadas.  
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Cas s i n  Kingbird  
S t a t u s :  

H a b i t a t :  
Food : 

(Tyrannus v o c i f e r a n s )  
Rare f a l l  t r a n s i e n t  i n  v e r y  s m a l l  numbers, September 
through October ;  Kingb i rds  s e e n  i n  November a r e  most 
l i k e l y  t h i s  s p e c i e s .  Also a  c a s u a l  s p r i n g  t r a n s i e n t ,  
r ecorded :  31 March 1952 a t  P a r k e r ,  17 May 1950 a t  
Topock, and 19 May 1977 n e a r  Poston.  F i v e  summer 
r e c o r d s  between 1950 and 1955 from B i l l  Will iams D e l t a ,  
P a r k e r ,  and I m p e r i a l  N a t i o n a l  W i l d l i f e  Refuge,  p l u s  one 
a t  Bard 8  June  1976, a r e  en igmat ic .  
T a l l  t r e e s  i n  r i p a r i a n  o r  a g r i c u l t u r a l  a r e a s .  
Grasshoppers ,  b e e s ,  and o t h e r  i n s e c t s .  

Th ick-b i l l ed  Kingbird  (Tyrannus c r a s s i r o s t r i s )  
S t a t u s :  Casual post -breeding and w i n t e r  v i s i t o r .  Four r e c o r d s  - 

w i t h i n  s i x  y e a r s :  17 December 1972 a t  Laguna Dam 
( p h o t o ) ,  2  December 1977 a t  P a r k e r  ( s p e c . ) ,  5 August t o  
16 September 1978 n o r t h  of Bly the  ( p h o t o ) ,  and l a t e  
November t o  23 December 1979 southwest  of P a r k e r  
(pho to) .  

H a b i t a t :  T a l l  t r e e s .  
Food: Wasps, b e e t l e s ,  and o t h e r  i n s e c t s .  

S c i s s o r - t a i l e d  F l y c a t c h e r  (Muscivora f o r f i c a t a )  
S t a t u s :  Recen t ly  a v e r y  r a r e  b u t  c o n s i s t e n t  t r a n s i e n t  o r  

s t r a g g l e r  from mid-May t o  mid-October. About 10 r e c o r d s  
between 1974 and 1980, i n c l u d i n g  a  female  t h a t  p a i r e d  
w i t h  a  Western Kingbird  and b u i l t  a  n e s t  a t  Needles  26 
May t o  16 J u l y  1979 b u t  r a i s e d  no young. 

H a b i t a t :  T a l l  t r e e s ,  t e l ephone  w i r e s ,  mainly  i n  a g r i c u l t u r a l  
a r e a s .  

Food : Wasps, b e e t l e s ,  g r a s s h o p p e r s ,  and o t h e r  i n s e c t s .  

Wied Cres ted  F l y c a t c h e r  (Myiarchus t y r a n n u l u s )  
S t a t u s :  L o c a l l y  f a i r l y  common summer b reeder  from l a t e  A p r i l  

through mid-August; a  few l i n g e r  i n t o  e a r l y  September. 
H a b i t a t :  Mature cottonwood-willow woodlands, o c c a s i o n a l l y  i n  

o t h e r  r i p a r i a n  h a b i t a t s  w i t h  s c a t t e r e d  cottonwood t r e e s  
o r  snags .  

Breeding: Nes t s  i n  woodpecker c a v i t i e s  i n  t a l l  t r e e s .  One brood 
of t h r e e  o r  f o u r  i s  f l e d g e d  around t h e  f i r s t  of J u l y .  

Food : Large i n s e c t s ,  p a r t i c u l a r l y  c i c a d a s  and g rasshoppers ;  
o c c a s i o n a l l y  s m a l l  l i z a r d s .  

Ash-throated F l y c a t c h e r  (Myiarchus c i n e r a s c e n s )  
S t a t u s :  Common summer b r e e d e r  from A p r i l  through September; 

f a i r l y  common by March and i n  October.  Also,  a n  
uncommon t o  r a r e  w i n t e r  r e s i d e n t ,  mainly  i n  p e r i p h e r a l  
p a r t s  of t h e  v a l l e y  such a s  d e s e r t  washes. 

H a b i t a t :  R i p a r i a n  woodland, p a r t i c u l a r l y  mesqu i te ;  a l s o  d e s e r t  
washes. 

Breeding: Nests i n  woodpecker o r  n a t u r a l  c a v i t i e s  i -  t r u n k s  o r  
l a r g e  branches .  Breeding beg ins  i n  March; two broods  
f l e d g e  i n  l a t e  May and e a r l y  J u l y .  

Food : Mainly b e e t l e s ,  c i c a d a s ,  c a t e r p i l l a r s ,  g r a s s h o p p e r s ,  and 
wasps. 
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Olivaceous F lyca tcher  (Myiarchus t u b e r c u l i f e r )  
S t a t u s :  Casual s t r a g g l e r .  One r eco rd ,  9-14 November 1977 a t  

Cibola National  W i l d l i f e  Refuge. Two i n d i v i d u a l s  may be 
involved,  a s  t he  specimen was co l l ec t ed  5 mi l e s  from 
where the  b i r d  was f i r s t  seen. 

Habi ta t :  Riparian woodland. 
Food : Mainly f l i e s ,  b e e t l e s ,  and i n s e c t  l a rvae .  

Eas te rn  Phoebe (Sayornis  phoebe) 
S t a t u s :  Rare but  r egu la r  t r a n s i e n t  and win te r  v i s i t o r  from l a t e  

September through l a t e  March, always s ing ly .  
Hab i t a t :  Riverbanks, a g r i c u l t u r a l  cana l s .  
Food : Mainly wasps, b e e s ,  b e e t l e s ,  and grasshoppers.  

Black Phoebe (Sayornis  n i g r i c a n s )  
S t a t u s :  Common winter  r e s i d e n t  and r e c e n t l y  a l o c a l l y  f a i r l y  

common summer breeder  throughout t he  v a l l e y ,  near  water.  
An i n f l u x  of nonbreeding b i r d s  begins i n  J u l y  and t h e s e  
b i r d s  l eave  i n  March. This  spec i e s  was n o t  recorded a s  
breeding i n  the  1950's. 

Habi ta t :  Riverbanks, a g r i c u l t u r a l  c a n a l s ,  o t h e r  water a r e a s  
inc luding  temporary pools.  

Breeding: Nests low above water on overhanging t r e e  t runks ,  
branches,  o r  rocks ,  o r  f r equen t ly  under br idges.  
Breeding begins i n  March and up t o  t h r e e  broods may be 
r a i s e d  i n  May, June,  and Ju ly .  

Food : Aer ia l ,  t e r r e s t r i a l ,  and semi-aquatic i n s e c t s ,  such a s  
f l i e s ,  a n t s ,  d r a g o n f l i e s ,  and b e e t l e s .  

Say Phoebe (Sayornis  saya)  
S t a t u s :  Common winter  r e s i d e n t  throughout t he  va l l ey .  F a i r l y  

common spr ing  breeder  along t h e  per iphery  of t h e  r i v e r  
va l l ey .  Numbers drop markedly i n  l a t e  May with only  a 
few ind iv idua l s  (most ly j uven i l e s )  remaining through 
summer. Wintering b i r d s  begin t o  a r r i v e  i n  l a t e  August 
and a r e  common by l a t e  September. 

Habi ta t :  Mainly a g r i c u l t u r a l  and spa r se  r i p a r i a n  a r e a s  i n  f a l l  
and win ter ;  rocky d e s e r t  and human h a b i t a t i o n s  f o r  
breeding. 

Breeding: Nest,  of mud, p l a s t e r e d  t o  rock f ace  o r  manmade 
s t r u c t u r e .  Two o r  t h r e e  broods r a i s ed  i n  May and June. 

Food : Mainly grasshoppers ,  f l i e s ,  wasps, b e e t l e s ,  and earwigs. 

Willow Flycatcher  (Empidonax t r a i l l i i )  
S t a t u s :  Uncommon l a t e  spr ing  migrant from l a t e  May through 

mid-June; r a r e  e a r l i e r .  Uncommon t o  f a i r l y  common f a l l  
t r a n s i e n t  from e a r l y  August t o  mid-October wi th  a peak 
i n  e a r l y  September. Two s inging  males a t  B i l l  Williams 
Delta  23 May through 20 June 1977 suggest  l o c a l  breeding 
i n  s u i t a b l e  h a b i t a t .  H i s t o r i c a l  breeding i s  suspected 
but  no t  documented, and t h i s  spec ies  was formerly more 
common as  a t r a n s i e n t  a s  wel l .  

Habi ta t :  Riparian woodland, e s p e c i a l l y  near  water;  a l s o  o t h e r  
t r e e s  and shrubs. 

Food : Mainly wasps, bees ,  b e e t l e s ,  and f l i e s .  
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Hammond F l y c a t c h e r  (Empidonax hammondii) 
S t a t u s :  F a i r l y  common s p r i n g  m i g r a n t  from e a r l y  A p r i l  t o  

mid-May, uncommon i n  l a t e  May; r a r e  bu t  r e g u l a r  f a l l  
migran t  from mid-August t o  mid-September. Also a  r a r e  
and i r r e g u l a r  w i n t e r  r e s i d e n t ,  s e v e r a l  s i g h t  r e c o r d s  and 
one specimen: 12 February  t o  21 March 1977 a t  B i l l  
Will iams D e l t a .  

H a b i t a t :  R i p a r i a n  woodland, o t h e r  t r e e s  and shrubs .  
Food : Small f l y i n g  i n s e c t s .  

s t a t u s :  
Dusky F l y c a t c h e r  (Empidonax o b e r h o l s e r i )  

Apparent ly  a  c a s u a l  o r  v e r y  r a r e  s p r i n g  m i g r a n t ,  one 
specimen 9  A p r i l  1977 a t  B i l l  W i l l i a m s  D e l t a  and t h r e e  

H a b i t a t :  
Food : 

Gray F l y c a t c h e r  
S t a t u s :  

H a b i t a t :  
Food : 

c a r e f u l  s i g h t  r e c o r d s :  13 A p r i l  1978 a t  B i l l  Will iams 
D e l t a ,  21 A p r i l  1978 a t  Yuma, and A p r i l  1979 a t  Andrade. 
May prove t o  be r e g u l a r .  Also a  r a r e  and i r r e g u l a r  
w i n t e r  r e s i d e n t  w i t h  specimens 19 February  1910 n e a r  
Needles ,  6  December 1953 a t  P a r k e r ,  16 December 1978 a t  
C ibo la  N a t i o n a l  W i l d l i f e  Refuge,  and a  c a r e f u l  s i g h t i n g  
24 December 1977 a t  B i l l  Wil l iams D e l t a .  
R i p a r i a n  woodland. 
Small  f l y i n g  i n s e c t s .  

(Empidonax w r i g h t i i )  
Uncommon t r a n s i e n t  from March t o  e a r l y  May and from 
mid-September t o  mid-October; a l s o  a l o c a l  w i n t e r  
r e s i d e n t  i n  v e r y  smal l  numbers. Max: 12 ,  9 May 1977 i n  
P a r k e r  a r e a .  
Sparse  r i p a r i a n  woodland, d e s e r t  washes. 
Small f l y i n g  i n s e c t s .  

Western F l y c a t c h e r  (Empidonax d i f f i c i l i s )  
S t a t u s :  Uncommon t o  f a i r l y  common migran t  from e a r l y  March t o  

e a r l y  June ,  and l a t e  J u l y  through l a t e  October.  
M u l t i p l e  r e c o r d s  i n  l a t e  June  and J u l y  probably  
r e p r e s e n t  b o t h  l a t e  s p r i n g  and e a r l y  f a l l  m i g r a n t s .  
Also ,  a  r a r e  bu t  r e g u l a r  w i n t e r  r e s i d e n t  i n  v e r y  smal l  
numbers, e s p e c i a l l y  a t  B i l l  Will iams Del ta .  Max: 32,  9  
May 1977 a t  Parker  and B i l l  Wil l iams Del ta .  

H a b i t a t :  Dense r i p a r i a n  woodland, e s p e c i a l l y  wi l low groves  i n  
w i n t e r ;  o t h e r  dense  v e g e t a t i o n .  

Food : Mainly wasps, f l i e s ,  and b e e t l e s .  

Coues F l y c a t c h e r  (Contopus p e r t i n a x )  
S t a t u s :  Very r a r e  w i n t e r  v i s i t o r ,  a t  l e a s t  i n  r e c e n t  y e a r s .  

About f i v e  r e c o r d s :  13 January  1972 a t  Yuma, 15 
December 1977 a t  Cibola  N a t i o n a l  W i l d l i f e  Refuge,  24 
December 1977 t o  9 March 1978 and probably  t h e  same 
i n d i v i d u a l  December 1978 th rough  mid-January 1979 a t  
P a r k e r  Dam, and 28-29 November 1979 a t  Blythe .  

H a b i t a t :  T a l l  t r e e s ,  r i p a r i a n  woodland. 
Food : Fly ing  i n s e c t s .  
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Western Wood Pewee (Contopus so rd idu lus )  
S t a t u s :  Common spr ing  migrant from l a t e  A p r i l  through e a r l y  

June,  r a r e l y - l a t e r .  Uncommon t o  f a i r l y  common f a l l  
migrant from e a r l y  August through mid-October. Max: 
68,  18 May 1977, Parker  a rea .  

Habi ta t :  Ripar ian  woodland, o t h e r  t r e e s .  
Food : Mainly f l i e s ,  wasps, bees ,  and b e e t l e s .  

Olive-sided Flyca tcher  ( N u t t a l l o r n i s  b o r e a l i s )  
S t a tus :  Uncommon migrant from l a t e  Apr i l  t o  mid-June, and from 

l a t e  ~ u ~ u s t - t h r o u g h  m i d - ~ e ~ t e m b e r .  
Habi ta t :  Riparian woodland, o t h e r  t r e e s .  
Food : Mainly bees ,  wasps, and winged a n t s .  

Vermilion F lyca tcher  (Pyrocephalus rubinus)  
S t a tus :  Uncommon and l o c a l  r e s i d e n t  and breeder  throughout t he  

v a l l e y .  S l i g h t l y  more widespread i n  win ter .  
Habi ta t :  Riparian woodland, human h a b i t a t i o n s ,  margins of 

a g r i c u l t u r a l  f i e l d s .  
Breeding: Nests on ho r i zon ta l  branch of mesqui te ,  willow, o r  

cottonwood, 6 t o  35 f e e t  above ground. Breeding begins 
i n  March, with two o r  t h ree  broods r a i s e d  i n  May, June,  
and Ju ly .  

Food : Mainly bees ,  wasps, and f l i e s .  

Horned Lark (Eremophila a l p e s t r i s )  
S t a tus :  Local ly f a i r l y  common summer breeder  and common t o  

abundant t r a n s i e n t  and win te r  r e s i d e n t  from August t o  
Apr i l .  Nonbreeding b i r d s  o f t e n  i n  l a r g e  f locks .  Max: 
3950, 18 December 1978, Parker  CBC. 

Habi ta t :  Agr i cu l tu ra l  l ands ,  e s p e c i a l l y  ba re  plowed f i e l d s .  
Breeding: Nest b u i l t  i n  a  rounded hollow i n  the  ground, u sua l ly  

l oca t ed  i n  open d e s e r t  o r  c u l t i v a t e d  land .  Breeds 
March-July. Clutch 3-4 eggs. 

Food : Mainly weed and o the r  seeds; a l s o  b e e t l e s  and o the r  
i n s e c t s .  

Violet-green Swallow (Tachycineta t h a l a s s i n a )  
S t a tus :  Very l o c a l  breeder i n  small  c o l o n i e s ,  a t  l e a s t  a t  B i l l  

Williams Del ta  and Parker  Dam. Uncommon t o  f a i r l y  
common t r a n s i e n t  from mid-January t o  l a t e  March, and 
aga in  from e a r l y  August through October. Rare through 
mid-November and casua l  i n  December. Max: 400, 13 
October 1954 a t  Imper ia l  Nat ional  Wi ld l i f e  Refuge. 

Habi ta t :  Nests on c l i f f s ,  forages  and migra tes  over r i v e r ,  
r i p a r i a n  vegeta t ion  and marsh. 

Food : Mainly bugs, f l i e s ,  and winged a n t s .  

Tree Swallow ( I r idoprocne  b i c o l o r )  
S t a tus :  Common t o  abundant t r a n s i e n t  and winter  r e s i d e n t  between 

l a t e  J u l y  and e a r l y  Apr i l ;  sometimes i n  huge f locks .  
Numbers decrease r ap id ly  through Apr i l  wi th  t he  l a s t  
b i r d s  seen i n  e a r l y  May. F i r s t  f a l l  a r r i v a l s  a r e  i n  t he  
f i r s t  week of Ju ly ;  a  few i n d i v i d u a l s  have been noted i n  
June. 
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H a b i t a t :  Forages  over  r i v e r ,  marshes ,  and a g r i c u l t u r a l  f i e l d s ;  
r o o s t s  a t  n i g h t  i n  marshes.  

Food: Mainly f l i e s ,  b e e t l e s ,  and a n t s .  

Bank Swallow ( R i p a r i a  r i p a r i a )  
S t a t u s :  Uncommon t o  f a i r l y  common t r a n s i e n t  i n  A p r i l  and e a r l y  

May, and from mid-July t o  e a r l y  October ;  r a r e  i n  l a t e  
Karch,  l a t e  May, e a r l y  J u l y ,  and l a t e  October .  Three  
c a r e f u l  w i n t e r  s i g h t i n g s :  16 February  1974 ( 2 )  a t  
I m p e r i a l  Dam, 23 December 1977 a t  P a r k e r ,  and p o s s i b l y  
t h e  same i n d i v i d u a l  seen  t h e r e  1 March 1978, and 24 
January  1980 a t  M i t t r y  Lake. Max: 40 ,  3  May 1972, 
I m p e r i a l  Dam. 

H a b i t a t :  Forages  over  r i v e r ,  marshes ,  and f i e l d s .  
Food : Mainly f l i e s ,  a n t s ,  and b e e t l e s .  

Rough-winged Swallow ( S t e l g i d o p t e r y x  r u f i c o l l i s )  
S t a t u s :  Common t r a n s i e n t  and b r e e d e r  from l a t e  January  through 

e a r l y  September. Uncommon r e s i d e n t  through f a l l  and 
e a r l y  w i n t e r ,  w i t h  numbers i n c r e a s i n g  i n  l a t e  December. 
T h i s  s p e c i e s  was r a r e  i n  w i n t e r  i n  t h e  1950's. 

H a b i t a t :  Riverbanks and a g r i c u l t u r a l  c a n a l s  f o r  b reed ing ;  f o r a g e s  
over  w a t e r ,  marshes ,  and f i e l d s .  

Breeding: Nests i n  burrows excavated i n  banks o r  i r r i g a t i o n  
d i t c h e s  of c l a y ,  sand ,  o r  g r a v e l .  Breeds from 
Apr i l - Ju ly .  Lays 6-7 eggs .  One brood r a i s e d  i n  a 
season.  

Food : Mainly f l i e s ,  a n t s ,  and b e e t l e s .  

Barn Swallow (Hirundo r u s t i c a )  
S t a t u s :  Common t o  abundant s p r i n g  and f a l l  t r a n s i e n t ;  m i g r a t i o n s  

a r e  extremely p r o t r a c t e d ,  b u t  l a r g e  numbers occur  o n l y  
from mid-April t o  mid-May, and from mid-September t o  
mid-October. Small  numbers a r e  s e e n  c o n s i s t e n t l y  from 
mid-February through March, i n  e a r l y  J u n e ,  throughout  
August ,  and t o  mid-November. S e v e r a l  December r e c o r d s  
a t  l e a s t  i n  1973, 1974, 1979, and 1980. Max: 18,000, 
30 September 1955 a t  Mart inez  Lake. 

H a b i t a t :  Forages  over  a g r i c u l t u r a l  f i e l d s ,  w a t e r ,  and marshes.  
Food : Mainly f l i e s ,  wasps,  a n t s ,  and b e e t l e s .  

C l i f f  Swallow ( P e t r o c h e l i d o n  pyr rhonota )  
S t a t u s :  Common t r a n s i e n t  and b reeder  from March through August 

w i t h  t h e  f i r s t  b i r d s  a r r i v i n g  i n  mid-February. Breeding 
c o l o n i e s  a r e  vaca ted  i n  l a t e  August ,  b u t  m i g r a n t s  remain 
uncommon u n t i l  e a r l y  October.  one b i r d  seen  27 January  
1980 e a s t  of Yuma was probably  a  v e r y  e a r l y  s p r i n g  
migran t .  

H a b i t a t :  Breeds a t  c l i f f s ,  dams, and b r i d g e s  over  wa te r ;  f o r a g e s  
wide ly  o v e r  w a t e r ,  a g r i c u l t u r a l  a r e a s ,  and even d e s e r t .  

Breeding: Nest is  a  c y l i n d e r  of mud p l a s t e r e d  t o  v e r t i c a l  w a l l  of 
c l i f f  o r  s t r u c t u r e ,  o f t e n  i n  l a r g e  c o l o n i e s .  

Food : Mainly b e e t l e s ,  bugs ,  and f l i e s .  
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Purp le  Martin (Progne s u b i s )  
S t a t u s :  Rare but  annual migran t ,  u s u a l l y  occur r ing  s i n g l y ,  from 

mid-April t o  mid-May, and from J u l y  t o  e a r l y  October. 
One female was a t  Martinez Lake 22 June 1954. Usual ly  
seen wi th  o the r  swallows. 

Hab i t a t :  Forages over r i v e r ,  marsh, o t h e r  vege t a t i on .  
Food : Mainly wasps, a n t s ,  bees ,  and f l i e s .  

S t e l l e r  Jay (Cyanoci t ta  s t e l l e r i )  
S t a t u s :  Casual s t r a g g l e r  during f l i g h t  years .  Recorded 23 

February 1935 a t  Blythe (50 ) ,  win te r  of 1950-51 a t  
Imper ia l  Dam and B i l l  Williams D e l t a ,  10 October 1957 a t  
B i l l  Williams D e l t a ,  and 2 1  November 1957 a t  Martinez 
Lake. 

Habi ta t  : Ripar ian  woodland. 
Food : Mainly s eeds ,  n u t s ,  some i n s e c t s .  

Scrub Jay (Aphelocoma coeru lescens)  
S t a t u s :  Rare and i r r e g u l a r  t r a n s i e n t  and win t e r  v i s i t o r ,  

p r i m a r i l y  dur ing  f l i g h t  y e a r s ,  from September through 
Apr i l .  Occasional ly  i n d i v i d u a l s  may t a k e  up r e s idence  
and remain a l l  year .  

Hab i t a t :  Ripar ian  woodland, i nhab i t ed  a r ea s .  
Food : Seeds, n u t s ,  some i n s e c t s .  

Common Raven (Corvus corax)  
S t a t u s :  F a i r l y  common r e s i d e n t  and l o c a l  breeder  i n  t h e  nor thern  

p a r t s  of t h e  v a l l e y  but  r a r e  south  of Blythe. More 
widely d i spe r sed  i n  win te r ;  a lmost  never i n  f l ocks .  

Hab i t a t :  Deser t  c l i f f s  f o r  breeding; ranges widely a t  o t h e r  
t imes. 

Breeding: Nests on d e s e r t  c l i f f s  and r a r e l y  i n  l a r g e  t r e e s .  Nest 
a  p la t form,  l o o s e l y  cons t ruc ted .  Breeds March through 
June. Lays 4 t o  7 eggs. 

Food : Omnivorous: s eeds ,  i n s e c t s ,  o t h e r  animals  and c a r r i o n .  

Common Crow (Corvus brachyrhynchos) 
S t a tu s :  U n t i l  r e c e n t l y ,  a  r a r e  o r  c a s u a l  s t r a g g l e r  i n  win te r .  

,S ince  about 1976, a  l a r g e  w in t e r  r o o s t  conta in ing  
500-1000 i n d i v i d u a l s  has  formed a t  Cibola  Nat iona l  
W i l d l i f e  Refuge. This  f l o c k  i s  p re sen t  from November 
through l a t e  February. Flocks have a l s o  occurred near  
Topock Marsh where another  w in t e r  r o o s t  may have formed; 
e.g., 300 on 23 February 1979, and 180 on 6 December 
1980. Also,  t h r e e  t o  e i g h t  b i r d s  wintered a t  Parker  i n  
1947-48. Records of migran ts  away from t h e s e  l o c a t i o n s  
a r e :  17 November 1960 ( 2 )  a t  Imper ia l  Dam, 7 October 
1974 a t  Poston,  28 October 1977 south  of Blythe,  8  
November 1977 (20) a t  B i l l  W i l l i a m s  Delta, 16 November 
1977 ( 5 )  south  of Poston,  and 1 March 1978, f l o c k  of 32 
f l y i n g  n o r t h  a t  Parker .  

Hab i t a t :  Agr i cu l tu ra l  f i e l d s  and r i p a r i a n  margins.  
Food : Omnivorous: s eeds ,  f r u i t s ,  i n s e c t s ,  and c a r r i o n .  
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Pinyon J a y  (Gymnorhinus cyanocephalus)  
S t a t u s :  Casual f a l l  s t r a g g l e r  d u r i n g  f l i g h t  y e a r s .  Recorded 25 

September 1952 ( 3 )  a t  Topock Marsh, r ecorded  8 October  
1955 ( 2 )  a t  I m p e r i a l  Dam, 28 October  1955 a t  I m p e r i a l  
Na t iona l  W i l d l i f e  Refuge,  9  October  1978 a t  B i l l  
W i l l i a m s  D e l t a ,  and 23 November 1978 (6)  n e a r  P a r k e r  
Dam. 

H a b i t a t :  R i p a r i a n  v e g e t a t i o n .  
Food : Seeds and n u t s .  

C la rk  Nutcracker  (Nuc i f raga  columbiana) 
S t a t u s :  Casual  s t r a g g l e r  d u r i n g  f l i g h t  y e a r s .  Recorded 9  

October 1955 n e a r  I m p e r i a l  Dam and i n  1972 on 28 August 
a t  Needles ,  14 September a t  Topock Marsh, 15 September 
a t  Bullhead C i t y ,  23 November n o r t h e a s t  of Yuma, and 17 
December a t  Laguna Dam.  

H a b i t a t :  R i p a r i a n  v e g e t a t i o n ,  human h a b i t a t i o n s .  
Food : Seeds ,  n u t s ,  and f r u i t .  . 

Mountain Chickadee ( P a r u s  gambel i )  
S t a t u s :  Casual f a l l  and w i n t e r  v i s i t o r .  Two seen  14 November 

1976 a t  B i l l  Wil l iams D e l t a  - one remained u n t i l  19 
March 1977 ( spec . ) ;  one was a t  C ibo la  N a t i o n a l  W i l d l i f e  
Refuge 26 September 1977, w i t h  two t h e r e  on 8 and 13 
December 1977. 

H a b i t a t :  R i p a r i a n  woodland. 
Food : Small i n s e c t s ,  s p i d e r s ,  and seeds .  

B r i d l e d  Titmouse ( P a r u s  wol lweber i )  
S t a t u s :  Casual w i n t e r  v i s i t o r .  One f i r s t  s e e n  on 17 February 

1977 a t  B i l l  Wil l iams D e l t a ,  was c o l l e c t e d  20 March 
1977. 

H a b i t a t :  R i p a r i a n  woodland. 
Food: Mainly i n s e c t s ,  l a r v a e ,  and eggs.  

Verdin  (Aur iparus  f l a v i c e p s )  
S t a t u s :  Common r e s i d e n t  and b r e e d e r  throughout  t h e  v a l l e y .  - 

P o p u l a t i o n s  peak i n  August and may be g r e a t l y  reduced 
a f t e r  s e v e r e  w i n t e r s .  

H a b i t a t :  Widespread i n  r i p a r i a n  woodland, d e s e r t  washes,  and 
around human h a b i t a t i o n s .  

Breeding: Nest  i s  a  covered dome of s t i c k s  f a s t e n e d  t o  a  t r e e  o r  
shrub.  Breeding season  ex tends  from March through 
August w i t h  2-3 broods  r a i s e d .  

Food : Mainly smal l  c a t e r p i l l a r s ,  bugs ,  and s p i d e r s .  

B u s h t i t  ( P s a l t r i p a r u s  minimus) 
S t a t u s :  R a r e b u t r e g u l a r w i n t e r v i s i t o r i n s m a l l n u m b e r s , a t  

l e a s t  a t  B i l l  Wil l iams D e l t a  from l a te  October t o  e a r l y  
March. Recorded s o u t h  t o  n e a r  Ehrenberg; a  f l o c k  of 10 ,  
25 February t o  2 March 1977 ( 2  specimens) .  

H a b i t a t :  R i p a r i a n  woodland, a d j a c e n t  d e s e r t  sc rub .  
Food : Mainly smal l  bugs,  l a r v a e ,  and s p i d e r s .  

t 
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i t e - b r e a s t e d  Nuthatch ( S i t t a  c a r o l i n e n s i s )  
S t a t u s :  Casual w i n t e r  v i s i t o r  d u r i n g  f l i g h t  y e a r s ;  a few p r e s e n t  

d u r i n g  1950-51 (specimen,  10 November) and 1975-76 
(specimen,  31 January)  u n t i l  18 March, a l l  a t  B i l l  
Will iams D e l t a .  Also one specimen from I m p e r i a l  
N a t i o n a l  W i l d l i f e  Refuge 4-26 November 1961 and one s e e n  
20 December 1979 sou thwes t  of P a r k e r .  

H a b i t a t :  R i p a r i a n  t r e e s .  
Food : Bark- inhabi t ing i n s e c t s  and s p i d e r s ;  some seeds .  

Red-breasted Nuthatch ( S i t t a  c a n a d e n s i s )  
S t a t u s :  Rare bu t  p o s s i b l y  r e g u l a r  t r a n s i e n t  i n  September and 

October ,  and a g a i n  i n  l a t e  February and March. A few 
i n d i v i d u a l s  w i n t e r  i r r e g u l a r l y .  

H a b i t a t :  R i p a r i a n  woodland, o t h e r  t a l l  t r e e s .  
Food : Bark- inhabi t ing i n s e c t s  and s p i d e r s .  

Pygmy Nuthatch ( S i t t a  pygmaea) 
S t a t u s :  Casual v i s i t o r ,  one o l d  specimen from Yuma 30 September 

1902. 
H a b i t a t :  R i p a r i a n  o r  o t h e r  t r e e s .  
Food : Bark- inhabi t ing i n s e c t s  and s p i d e r s .  

Brown Creeper  ( C e r t h i a  f a m i l i a r i s )  
S t a t u s :  Uncommon w i n t e r  r e s i d e n t  a t  B i l l  Wil l iams D e l t a  between 

l a t e  October and e a r l y  A p r i l .  Rare and l o c a l  e l sewhere  
i n  t h e  v a l l e y ,  w i t h  r e c o r d s  from Topock Marsh, P a r k e r ,  
Ehrenberg,  Cibola  N a t i o n a l  W i l d l i f e  Refuge,  and I m p e r i a l  
N a t i o n a l  W i l d l i f e  Refuge. 

H a b i t a t :  T a l l  r i p a r i a n  t r e e s .  
Food : Bark- inhabi t ing bugs ,  i n s e c t s ,  and s p i d e r s .  

Dipper  ( C i n c l u s  mexicanus) 
S t a t u s :  Casual s t r a g g l e r  from h i g h e r  e l e v a t i o n s ;  one s e e n  2 2  

October 1980 a t  Parker .  
H a b i t a t :  Rocky r ive rbank .  
Food : Aquat ic  i n s e c t s  and o t h e r  i n v e r t e b r a t e s .  

House Wren (Trog lody tes  aedon) 
S t a t u s :  F a i r l y  common t r a n s i e n t  and w i n t e r  r e s i d e n t  between l a t e  

August and t h e  beginning of May. 
H a b i t a t :  Dense r i p a r i a n  woodland, o t h e r  b r u s h ,  margins  of 

a g r i c u l t u r a l  f i e l d s .  
Food : Mainly b e e t l e s ,  i n s e c t  l a r v a e  and pupae,  bugs ,  and a n t s .  

Winter  Wren (Trog lody tes  t r o g l o d y t e s )  
S t a t u s :  Rare bu t  r e g u l a r  w i n t e r  r e s i d e n t  i n  v e r y  smal l  numbers 

between la te  October  and e a r l y  A p r i l .  Most f r e q u e n t  a t  
B i l l  W i l l i a m s  Delta, b u t  r e c o r d s  extend from Topock 
Marsh t o  Yuma. 

H a b i t a t :  Dense r i p a r i a n  woodland, o t h e r  dense  brush.  
Food : Mainly smal l  b e e t l e s ,  b u g s ,  and a n t s .  
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Bewick Wren (Thryomanes b e w i c k i i )  
S t a t u s :  A t  p r e s e n t ,  a  f a i r l y  common and l o c a l  summer b r e e d e r  

from t h e  B i l l  Wil l iams Delta ( a  few p a i r s )  nor thward.  
V i r t u a l l y  a b s e n t  f a r t h e r  s o u t h  between A p r i l  and 
September, e x c e p t  one r e c o r d  4  August 1946 a t  P a r k e r  and 
a  p a i r  15 m i l e s  n o r t h  of B l y t h e  i n  June-July 1981. 
F a i r l y  common i n  w i n t e r  th roughout  t h e  v a l l e y .  Formerly 
a b s e n t  a s  a b reed ing  s p e c i e s ,  and r a r e l y  recorded d u r i n g  
t h e  1 9 5 0 ' ~ ~  even i n  w i n t e r .  

H a b i t a t :  R i p a r i a n  woodland, d e s e r t  washes,  o t h e r  brush.  
Breeding:  Nes t s  i n  c a v i t i e s  i n  s tumps,  s n a g s ,  o r  l i v e  t r e e s .  

B i r d s  b e g i n  s i n g i n g  i n  February  ( e v e n  w i n t e r i n g  b i r d s ) ,  
b u t  b reed ing  i s  somewhat l a t e r .  Young f l e d g e  i n  May and 
June.  

Food: Mainly s p i d e r s ,  a n t s ,  b e e t l e s ,  and bugs. 

Cactus  Wren (Campylorhynchus b r u n n e i c a p i l l u s )  
S t a t u s :  F a i r l y  common r e s i d e n t  and b r e e d e r  throughout  t h e  

v a l l e y ,  becoming l o c a l  i n  t h e  n o r t h e r n  p a r t s .  Winter  
numbers a r e  i r r e g u l a r  and p o s s i b l y  r e p r e s e n t  p e r i o d i c  
i n f l u x e s  from o t h e r  r e g i o n s .  

H a b i t a t :  R i p a r i a n  woodland, e s p e c i a l l y  mesqu i te ;  a l s o  d e s e r t  
washes,  and i n h a b i t e d  areas. 

Breeding: Nest  i s  a  covered dome of s t i c k s  p laced  i n  t r e e ,  sh rub  
o r  c a c t u s .  

Food : Mainly f l i e s ,  b e e t l e s ,  g r a s s h o p p e r s ,  and s p i d e r s ;  
o c c a s i o n a l l y  l i z a r d s .  

Long-bi l led  Marsh Wren ( C i s t o t h o r u s  p a l u s t r i s )  
S t a t u s :  L o c a l l y  common summer b r e e d e r  i n  e x t e n s i v e  marshes.  

Common t o  abundant w i n t e r  r e s i d e n t  throughout  t h e  
v a l l e y .  

H a b i t a t :  Marshes, wet r i p a r i a n  woodlands, wet a g r i c u l t u r a l  f i e l d s  
and c a n a l s .  

Breeding: Breeds i n  marshes from March t o  J u l y .  Nest  i s  a  compact 
b a l l  of v e g e t a t i o n  i n t e r t w i n e d  w i t h  stems o r  reed  
b l a d e s .  Lays 5-6 eggs .  One t o  two broods r a i s e d .  

Food : Mainly b e e t l e s ,  i n s e c t  l a r v a e ,  bugs ,  and s p i d e r s .  

Canyon Wren (Ca therpes  mexicanus) 
S t a t u s :  . L o c a l l y  common r e s i d e n t  and b r e e d e r  a t  B i l l  Will iams 

D e l t a ,  P a r k e r  Dam, and Topock Gorge. Very r a r e  and 
i r r e g u l a r  e lsewhere .  

H a b i t a t :  Rocky c l i f f s  f o r  b reed ing ;  b i r d s  move down i n t o  dense  
r i p a r i a n  v e g e t a t i o n  from August through March. 

Breeding: Nest  u s u a l l y  on c l i f f  l e d g e s  o r  c r e v i c e s .  Lays 5-6 eggs  
i n  a  s e t .  April-June.  

Food: Mainly b e e t l e s ,  a n t s ,  and s p i d e r s .  

Rock Wren ( S a l p i n c t e s  o b s o l e t u s )  
S t a t u s :  L o c a l l y  f a i r l y  common r e s i d e n t  and b reeder  a long  t h e  

d r i e r  edges of t h e  v a l l e y .  S l i g h t l y  more widespread i n  
w i n t e r .  

H a b i t a t :  D e s e r t ,  washes,  o c c a s i o n a l l y  i n  a g r i c u l t u r a l  a r e a s  i n  
w i n t e r .  
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Breeding: Nest u sua l ly  on rocky c l i f f s  and ar royos ;  o f t e n  placed 
i n  c a v i t i e s  under and among loose  rocks. Lays 5-6 eggs. 
April-July. Two broods i n  a season. 

Food : Ground-dwelling i n s e c t s  and l a rvae .  

Mockingbird (Mimus po lyg lo t to s )  
S t a t u s :  F a i r l y  common summer breeder and common winter  r e s i d e n t ,  

wi th  an i n f l u x  of b i r d s  i n t o  t h e  v a l l e y  between October 
and Apr i l .  Max: 165, 23 December 1977, Parker  CBC. 

Habi ta t :  Riparian woodland wi th  m i s t l e t o e  b e r r i e s ;  a l s o  i n  
inhabi ted  a reas  and o ther  t r e e s .  More widespread i n  
win ter .  

Breeding: Builds  n e s t s  i n  bushes,  small  t r e e s ,  o r  t ang le s  of 
v i n e s ,  inc luding  cac tus .  3-6 eggs i n  a s e t .  Breeds 
from Apr i l  t o  August. Two broods r a i s e d  i n  a season. 

Food: Mis t l e toe  and o the r  b e r r i e s ;  a l s o  b e e t l e s .  

Gray Catbird (Dumetella c a r o l i n e n s i s )  
S t a t u s  : Casual t r a n s i e n t .  One seen 26 September 1978 a t  B i l l  

Williams Delta .  
Hab i t a t :  Riparian woodland. 
Food: Various i n s e c t s ,  f r u i t ,  and seeds.  

Brown Thrasher (Toxostoma rufum) 
S t a t u s :  Casual o r  very r a r e  t r a n s i e n t  and poss ib ly  win ter  

v i s i t o r .  Two s i g h t  records:  15-17 ~ o v e m b e r  1978 a t  
Ehrenberg and 22 December 1980 near  Poston. Also, 
d i s t i n c t i v e  c a l l  heard twice;  20 December 1976 near  
Parker  and 30 September 1979 a t  B i l l  Williams Del ta .  

Hab i t a t :  Ripar ian  woodland, o the r  brush. 
Food : Various i n s e c t s  and b e r r i e s .  

Bendire Thrasher (Toxostoma bend i r e i )  
S t a t u s :  Very r a r e  and i r r e g u l a r  v i s i t o r  from adjacent  d e s e r t  

mountains,  mainly t o  t he  e a s t .  Recorded: 17 December 
1973 t o  1 February 1974 a t  Bard, 21 March 1977 a t  B i l l  
Williams Del ta ,  20 May 1977 n o r t h  of Needles, 12 June 
1978 n o r t h  of Ehrenberg ( fami ly  group) ,  20 August 1978 
near  Poston, 21 January 1979 n o r t h e a s t  of Yuma, and 16 
J u l y  1979 a t  B i l l  Williams De l t a  (immature). These 
r ep re sen t  post-breeding wanderers,  mig ran t s ,  and 
win ter ing  ind iv idua l s .  

Habi ta t :  Desert  wash, spa r se  r i p a r i a n  woodland, a g r i c u l t u r a l  
land.  

Food : Mainly b e e t l e s ,  a n t s ,  and i n s e c t  l a rvae .  

Curve-billed Thrasher (Toxostoma c u r v i r o s t r e )  
S t a t u s :  Rare and i r r e g u l a r  v i s i t o r  from d e s e r t s  t o  t he  e a s t .  

p r imar i ly  i n  E a l l  and win ter .  Has been recorded beiween 
August and February wi th  most records  from the  Yuma 
a rea .  

Habi ta t :  Deser t ,  r i p a r i a n  woodland. 
Food : Mainly b e e t l e s ,  a n t s ,  and i n s e c t  l a rvae .  
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Le Conte Thrasher  (Toxostoma l e c o n t e i )  
S t a t u s :  P o s s i b l y  r e s i d e n t  o r  t r a n s i e n t  a long  t h e  p e r i p h e r y  of 

t h e  v a l l e y ;  v e r y  few r e c o r d s  i n  t h e  immediate 
f l o o d p l a i n .  These i n c l u d e  one a t  I m p e r i a l  Dam 8  
December 1973, one c o l l e c t e d  13 November 1979 i n  a  
h a r v e s t e d  c o t t o n f i e l d  n e a r  P o s t o n ,  and two s e e n  22 
December 1980 n e a r  Parker .  

H a b i t a t :  D e s e r t ,  a d j a c e n t  open coun t ry .  
Food : Mainly b e e t l e s ,  a n t s ,  and i n s e c t  l a r v a e .  

C r i s s a l  Thrasher  (Toxostoma d o r s a l e )  
S t a t u s :  Common bu t  s e c r e t i v e  r e s i d e n t  and b r e e d e r  throughout  t h e  

v a l l e y .  Max: 106, 18 December 1978, P a r k e r  CBC. 
H a b i t a t :  R i p a r i a n  woodland, e s p e c i a l l y  on sandy s o i l .  
Breeding: Nest  i s  of t w i g s ,  p laced  3 t o  10 f e e t  h i g h  i n  a  t r e e ,  

w e l l  concealed.  Breeding a c t i v i t y  b e g i n s  i n  February;  
two broods  a r e  r a i s e d  i n  A p r i l  through August,  two t o  
f o u r  young per  brood. 

Food : Mainly b e e t l e s ,  a n t s ,  and i n s e c t  l a r v a e .  

Sage Thrasher  (Oreoscop tes  montanus) 
S t a t u s :  Rare  f a l l  t r a n s i e n t  and e a r l y  w i n t e r  r e s i d e n t  from e a r l y  

September through December. Uncommon t o  f a i r l y  common 
l a t e  w i n t e r  and s p r i n g  t r a n s i e n t  from mid-January 
through March, o c c a s i o n a l l y  i n  l a r g e  numbers. 

H a b i t a t :  Most numerous i n  honey mesqu i te  woodland w i t h  m i s t l e t o e  
b e r r i e s ;  a l s o  i n  d e s e r t  washes and o t h e r  open h a b i t a t s .  

Food : M i s t l e t o e  and o t h e r  b e r r i e s ,  b e e t l e s ,  a n t s ,  and earwigs .  

American Robin (Turdus  m i g r a t o r i u s )  
S t a t u s :  Uncommon t o  common t r a n s i e n t  and w i n t e r  v i s i t o r  from 

October t o  March. I n  some y e a r s ,  l a r g e  numbers a r r i v e  
i n  t h e  v a l l e y  d u r i n g  mid-winter. Also ,  r e c e n t l y  a  r a r e  
b u t  r e g u l a r  summer b r e e d e r  a t  i n h a b i t e d  a r e a s  such a s  
B l y t h e ,  n e a r  Needles ,  and n e a r  Yuma. 

H a b i t a t :  R i p a r i a n  woodland w i t h  m i s t l e t o e  b e r r i e s  i n  w i n t e r ,  
i n h a b i t e d  areas, e s p e c i a l l y  f o r  b reed ing .  

Breeding: Nes t s  i n  t a l l  t r e e s  i n  pa rks  o r  n e a r  houses;  young have 
been noted i n  l a t e  May and June.  

Food: M i s t l e t o e ,  b e e t l e s ,  and i n s e c t  l a r v a e .  

Rufous-backed Robin (Turdus r u f o p a l l i a t u s )  
S t a t u s :  Casual  s t r a g g l e r  from Mexico. One found 17 December 

1973 t o  6  ~ $ i l  1974 a t  I m p e r i a l  Dam ( p h o t o ) .  
H a b i t a t :  Pa rk  w i t h  lawn and t a l l  t r e e s .  
Food : Various  i n s e c t s  and f r u i t .  

Varied Thrush ( I x o r e u s  n a e v i u s )  
S t a t u s :  Rare  and i r r e g u l a r  w i n t e r  v i s i t o r  from t h e  nor thwes t  i n  

f l i g h t  y e a r s .  At l e a s t  10 i n d i v i d u a l s  found between 
mid-October 1977 and e a r l y  A p r i l  1978, i n c l u d i n g  one 
specimen 29 November 1977 a t  B i l l  W i l l i a m s  D e l t a .  Other 
r e c o r d s  i n c l u d e  12 A p r i l  1972 n o r t h  of B l y t h e ,  and i n  
December 1973 n e a r  Yuma. 
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Hab i t a t :  T a l l  r i p a r i a n  woodland, e s p e c i a l l y  willows. 
Food: Ground-dwelling i n s e c t s ,  s p i d e r s ,  and worms. 

Hermit Thrush (Catharus g u t t a t u s )  
Uncommon t o  f a i r l y  common t r a n s i e n t  and win te r  r e s i d e n t .  S t a t u s :  

Habi ta t  : 

Food : 

Swainson Thrush 
S t a t u s  : 

Habi t a t :  

Food : 

Present  from e a r l )  October u n t i l  mid-April. A few 
i n d i v i d u a l s  appear i n  l a t e  September and s t a y  u n t i l  mid- 
May. Number of winter ing b i r d s  f l u c t u a t e s  from year  t o  
year .  Max: 188, 24 December 1977, B i l l  Williams Delta .  
Ripar ian  woodland, e s p e c i a l l y  willow; o t h e r  dense 
vege ta t ion .  
Mainly b e e t l e s ,  a n t s ,  and i n s e c t  l a rvae .  

(Catharus u s t u l a t u s )  
Uncommon t r a n s i e n t  i n  May, r a r e l y  i n  very  e a r l y  June. 
Casual i n  f a l l ;  one seen 20 September 1953 a t  Parker .  
Dense r i p a r i a n  woodland, e s p e c i a l l y  cottonwood-willow 
a s s o c i a t i o n s .  
Mainly b e e t l e s ,  a n t s ,  i n s e c t  l a r v a e ,  and b e r r i e s .  

Western Bluebird ( S i a l i a  mexicana) 
S t a t u s :  Uncommon t o  f a i r l y  common winter  v i s i t o r  i n  t he  n o r t h  

h a l f  of the  v a l l e y ,  from mid-October t o  mid-March, 
r a r e l y  t o  mid-April. Numbers vary from year  t o  year ;  
u s u a l l y  seen i n  small  nomadic f locks .  

Habi ta t :  Honey mesquite woodland wi th  m i s t l e t o e ,  a l s o  d e s e r t  
washes, o t h e r  r i p a r i a n  woods. 

Food : Mainly m i s t l e t o e  b e r r i e s ,  a  few i n s e c t s .  

Mountain Bluebird ( S i a l i a  cur rucoides)  
S t a t u s :  Uncommon t o  f a i r l y  common winter  v i s i t o r  from October t o  

mid-March, u sua l ly  i n  nomadic f locks .  Numbers vary  from 
year  t o  year .  Max: 155, 22 December 1980, Parker  CBC. 

Habi ta t :  Agr i cu l tu ra l  f i e l d s ,  e s p e c i a l l y  g r a s s  o r  pas tu re s ;  a l s o  
i n  mesquite woods and d e s e r t  washes wi th  m i s t l e t o e .  

Food: Mainly grasshoppers ,  b e e t l e s ,  o the r  i n s e c t s ;  a l s o  
m i s t l e t o e  b e r r i e s .  

Townsend S o l i t a i r e  (Myadestes townsendi) 
S t a t u s :  Rare t o  uncommon and i r r e g u l a r  t r a n s i e n t  and winter  

v i s i t o r  between l a t e  September and Apr i l .  Always seen 
s ing ly .  

Habi ta t :  Riparian woodland wi th  m i s t l e t o e .  
Food : Mis t l e toe  b e r r i e s ,  some i n s e c t s .  

Blue-gray Gnatcatcher ( P o l i o p t i l a  cae ru l ea )  
S t a tus :  F a i r l y  common winter  r e s i d e n t  from September through 

 arch; uncommon t r a n s i e n t  i n  l a t e  AU~;S t and ~~r il, 
Max: 70, 20 December 1979, Parker CBC. 

Habi ta t :  P r e f e r s  screwbean mesquite woodland c l o s e  t o  the  r i v e r ;  
a l s o  widely d ispersed  i n  o the r  r i p a r i a n  and d e s e r t  
vege ta t ion .  

Food : Mainly bugs, f l i e s ,  b e e t l e s ,  s p i d e r s ,  and i n s e c t  l a rvae .  
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Black-tai led Gnatcatcher ( P o l i o p t i l a  melanura) 
S t a t u s :  Common r e s i d e n t  and breeder  throughout t h e  v a l l e y .  

Found i n  p a i r s  o r  family groups year  round. Max: 142, 
22 December 1980, Parker  CBC. 

Habi ta t :  Widely d i s t r i b u t e d  i n  a l l  but t h e  denses t  r i p a r i a n  
h a b i t a t s ;  a l s o  i n  d e s e r t  washes. 

Breeding: Nest i s  an e l a b o r a t e  cup i n  branch f o r k  o r  m i s t l e t o e  
clump. Breeding begins  i n  March; 2-3 broods a r e  r a i s e d .  
This  spec i e s  i s  a  f r equen t  h o s t  of t he  Brown-headed 
Cowbird. 

Food: Mainly i n s e c t  l a r v a e ,  bugs,  b e e t l e s ,  and s p i d e r s .  

Golden-crowned Kingle t  (Regulus s a t r a p a )  
S t a t u s :  Rare but r egu la r  v i s i t o r  from l a t e  October through 

December; i r r e g u l a r  i n  January and February. Usual ly  
occurs  i n  very smal l  f l ocks .  

Hab i t a t :  Ripar ian woodland, e s p e c i a l l y  willows. 
Food : Mainly bugs,  b e e t l e s ,  i n s e c t  l a r v a e  and eggs.  

Ruby-crowned Kingle t  (Regulus ca l endu la )  
S t a t u s :  Common t o  abundant w in t e r  r e s i d e n t  from e a r l y  October t o  

mid-April. Uncommon t r a n s i e n t  i n  l a t e  September and i n  
May. Occurs s i n g l y  and i n  small  f l o c k s .  

Hab i t a t :  Ripar ian  woodland, e s p e c i a l l y  cottonwood-willow 
a s s o c i a t i o n s ;  o t h e r  t r e e s  and shrubs.  

Food : Mainly bugs,  b e e t l e s ,  and f l i e s .  

Water P i p i t  (Anthus s p i n o l e t t a )  
S t a t u s :  Common to  abundant w in t e r  r e s i d e n t  from October through - 

mid-April. A few i n d i v i d u a l s  a r r i v e  by mid-September 
and l i n g e r  r a r e l y  u n t i l  l a t e  May. Often seen i n  l a r g e  
f l ocks .  Max: 6723, 18 December 1978, Parker  CBC. 

Habi ta t :  Agr i cu l tu ra l  f i e l d s ,  r i ve rbanks ,  sandbars.  
Food : Mainly bugs,  b e e t l e s ,  f l i e s ,  and i n s e c t  l a rvae .  

Sprague P i p i t  (Anthus s p r a g u e i i )  
S t a tu s :  Rare but probably r e g u l a r  win te r  v i s i t o r  from l a t e  

September through March, i n  very  smal l  numbers. 
Habi ta t :  Agr i cu l tu ra l  f i e l d s ,  e s p e c i a l l y  t a l l  a l f a l f a  mixed w i t h  

d r y  Bermuda g ra s s .  
Food : .Mainly grasshoppers ,  b e e t l e s ,  bugs,  and some seeds.  

Bohemian Waxwing (Bombycilla g a r r u l u s )  
S t a t u s :  Casual v i s i t o r  i n  l a t e  win te r  and sp r ing ,  w i th  records  

from only t h e  northernmost p a r t s  o,f- the-;alley. 
Hab i t a t :  Berry-producing shrubs and t r e e s .  
Food : Various b e r r i e s  and f r u i t .  

Cedar Waxwing (Bombycilla cedrorum) 
S t a t u s :  E r r a t i c  t r a n s i e n t  and win te r  v i s i t o r ;  r a r e  t o  uncommon 

from the  end of August through December, uncommon t o  
common from January through May. A few i n d i v i d u a l s  
l i n g e r  i n t o  e a r l y  June,  and a t  l e a s t  one s tayed  a t  
Parker  u n t i l  12 J u l y  1953. Often found i n  l a r g e  nomadic 
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f l o c k s ,  bu t  numbers and timing of occurrence vary  
g r e a t l y  from year  t o  year .  

Habi ta t :  Ripar ian  woodland w i t h  m i s t l e t o e ;  a l s o  human h a b i t a t i o n s  
wi th  pyracantha and o t h e r  b e r r i e s .  

Food : Mist le toe  and o t h e r  b e r r i e s .  

Phainopepla (Phainopepla n i t e n s )  
Common t o  abundant win ter  r e s i d e n t  and e a r l y  s p r i n g  S t a t u s :  

Habi ta t :  

Breeding : 

Food : 

Northern Shrike 
S t a t u s :  

Habi ta t :  
Food : 

breeder  from l a t e  September through e a r l y  May.-  umbers 
inc rease  and decrease  r ap id ly  i n  October and May, 
r e spec t ive ly .  A few i n d i v i d u a l s ,  u s u a l l y  immatures, can 
be found a l l  summer but t he  ma jo r i t y  of the  popula t ion  
i s  absent  between e a r l y  June and e a r l y  September. The 
number of breeding i n d i v i d u a l s  may be reduced i n  years  
when m i s t l e t o e  b e r r i e s  f r eeze .  Max: 798, 23 December 
1977, Parker  CBC. 
Pr imar i ly  honey mesquite  woodland and d e s e r t  washes wi th  
mis t l e toe .  Occur elsewhere mainly a s  t r a n s i e n t s ;  
summering ind iv idua l s  o f t e n  found ad jacen t  t o  t h e  r i v e r .  
Nest i s  placed i n  m i s t l e t o e  clump. One brood r a i s e d  i n  
March and Apr i l .  
Mis t l e toe ,  o t h e r  b e r r i e s ,  a l s o  a e r i a l  i n s e c t s ,  such a s  
b e e t l e s  and f l i e s .  

(Lanius excubi tor )  
Casual s t r a g g l e r  i n  win ter .  One immature seen 21 
November 1977 and one c o l l e c t e d  9 January 1978, bo th  
near  Poston. 
Agr i cu l tu ra l  l a n d ,  r i p a r i a n  edge. 
Mainly rodents ,  b i r d s ,  and l a r g e  i n s e c t s .  

Loggerhead Shrike (Lanius ludovic ianus)  
S t a t u s :  Common winter  r e s i d e n t  throughout.  F a i r l y  common spr ing  

breeder  i n  t he  d r i e r  p a r t s  of t he  v a l l e y .  Numbers 
i nc rease  i n  J u l y  a f t e r  breeding. 

Habi ta t :  Breeds mainly i n  spa r se  r i p a r i a n  woodland and d e s e r t  
washes; widespread i n  w in te r  i n  o the r  open h a b i t a t s ,  
e s p e c i a l l y  a g r i c u l t u r a l  l and .  

Breeding: Breeds from March t o  June,  u sua l ly  i n  shrubby t o  open 
a r e a s ,  o f t e n  i n  cho l l a  and mesquite.  Lays 4-7 eggs. 
Two broods o f t e n  r a i s ed .  

Food : Mainly roden t s ,  small  b i r d s ,  b e e t l e s ,  g rasshoppers ,  and 
wasps. 

S t a r l i n g  (Sturnus v u l g a r i s )  
S t a t u s :  Now, a common breeder  and abundant win ter  r e s i d e n t  

throughout t he  va l l ey ;  o f t e n  found i n  l a r g e  f locks .  
This  spec ies  was f i r s t  recorded i n  t he  v a l l e y  a t  Parker  
i n  1946 and was only a w in te r  v i s i t o r  u n t i l  1960. 
Probably i s  s t i l l  i nc reas ing  i n  numbers. 

Hab i t a t :  Riparian woodland, o t h e r  t a l l  t r e e s ,  saguaros f o r  
breeding; widespread i n  a g r i c u l t u r a l  and urban a r e a s  a t  
o the r  times. 
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Breeding: Nes t s  i n  c a v i t i e s  i n  t r e e s ,  saguaro  c a c t i ,  o r  b u i l d i n g s .  
Very a g g r e s s i v e  a t  n e s t  h o l e s ,  o f t e n  usurp ing  o t h e r  
c a v i t y - n e s t i n g  s p e c i e s .  2-3 broods .  

Food: Seeds ,  b e e t l e s ,  g r a s s h o p p e r s ,  and m i l l i p e d e s .  

Hut ton Vireo ( V i r e o  h u t t o n i )  
S t a t u s :  Casual o r  v e r y  r a r e  f a l l  t r a n s i e n t  and w i n t e r  v i s i t o r  i n  

November and December, w i t h  f o u r  r e c o r d s  from B i l l  
Will iams D e l t a  and one from n e a r  I m p e r i a l  Dam. Also ,  
one seen  5  May 1980 i n  t h e  Dome V a l l e y  n o r t h e a s t  of 
Y uma . 

H a b i t a t :  T a l l  r i p a r i a n  woodland. 
Food: Mainly bugs ,  i n s e c t  l a r v a e ,  and b e e t l e s .  

B e l l  Vi reo  ( V i r e o  b e l l i i )  
S t a t u s :  A t  p r e s e n t ,  an  uncommon and l o c a l  summer r e s i d e n t  and 

b r e e d e r  between l a t e  March and l a t e  September. The 
e a r l i e s t  a r r i v a l  d a t e  i s  8  March and t h e  l a t e s t  
d e p a r t u r e  d a t e s  a r e  from l a t e  November. Two w i n t e r  
r e c o r d s :  7  February t o  7  March 1951 a t  Topock Marsh and 
18 December 1978 a t  Parker .  T h i s  s p e c i e s  was fo rmer ly  
q u i t e  abundant and more widespread ( u n t i l  1950 's) .  
Breeding d u r i n g  1979-80 o c c u r r e d  on ly  i n  t h e  v i c i n i t y  of 
Needles ,  Topock Marsh, B i l l  Will iams D e l t a ,  and C i b o l a  
N a t i o n a l  W i l d l i f e  Refuge,  w i t h  a  few s c a t t e r e d  p a i r s  
n e a r  Parker  and Poston.  A  few t r a n s i e n t s  s t i l l  appear  
i n  o t h e r  a r e a s  such a s  a t  Laguna Dam and Yuma. 

H a b i t a t :  Breeds o n l y  i n  t a l l  honey mesqu i te  w i t h  s c a t t e r e d  
wi l lows and well-developed u n d e r s t o r y ,  n e a r  water .  May 
p r e f e r  wi l lows ,  b u t  wi l lows have been v i r t u a l l y  
e x t i r p a t e d  from t h e  v a l l e y .  

Breeding: Nest  i s  a  hanging cup i n  mesqu i te  o r  u n d e r s t o r y  shrub .  
Two broods a r e  r a i s e d  from May t o  August. Th i s  s p e c i e s  
i s  a  f r e q u e n t  h o s t  of t h e  Brown-headed Cowbird, which 
may be p a r t i a l l y  r e s p o n s i b l e  f o r  i t s  demise.  

Food : Mainly bugs,  i n s e c t  l a r v a e ,  g r a s s h o p p e r s ,  and b e e t l e s .  

Gray Vi reo  (Vi reo  v i c i n i o r )  
Casual t r a n s i e n t .  Recorded: 29 A p r i l  1952 s o u t h  of S t a t u s :  

H a b i t a t :  
Food : 

Yellow-throated 
S t a t u s :  

H a b i t a t :  
Food: 

Needles ,  6  September 1976 n e a r  ~ u r n a ,  and 1 October 1977 
n o r t h  of Ehrenberg.  
R i p a r i a n  woodland, d e s e r t  washes. 
Mainly bugs ,  b e e t l e s ,  and i n s e c t  l a r v a e .  

Vireo (Vi reo  f l a v i f r o n s )  
Casual t r a n s i e n t .  One specimen c o l l e c t e d  10 October 
1953 a t  B i l l  Will iams ~ e i t a .  
R i p a r i a n  woodland. 
Mainly i n s e c t  l a r v a e ,  moths ,  and bugs; some f r u i t .  

S o l i t a r y  Vi reo  (Vi reo  s o l i t a r i u s )  
S t a t u s :  F a i r l y  common t r a n s i e n t  from mid-March t o  mid-May and 

from mid-August through October ,  uncommon u n t i l  
mid-November. One seen  2  June 1975 a t  I m p e r i a l  N a t i o n a l  
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Wi ld l i f e  Refuge was probably a  l a t e  sp r ing  migrant .  
Also a  r a r e  but  r egu la r  w in te r  r e s i d e n t ,  p r imar i ly  a t  
B i l l  Williams Delta .  Two r a c e s ,  -- V .  s.  plumbeus and V .  
s. c a s s i n i i ,  occur i n  roughly equal  propor t ions  i n  b z h  - 
migra t ion  and winter .  

Hab i t a t :  T a l l  r i p a r i a n  woodland, o t h e r  t a l l  t r e e s .  
Food : Mainly i n s e c t  l a r v a e ,  moths, and bugs. 

Red-eyed Vireo (Vireo o l ivaceus)  
S t a t u s :  Casual o r  very r a r e  t r a n s i e n t  and summer v i s i t o r .  About 

f i v e  records:  28 May 1956 a t  Imper ia l  Nat ional  W i l d l i f e  
Refuge, 5 June 1964 a t  Imper ia l  Dam, a  s ing ing  male a t  
Blythe 23 June to  6  J u l y  1976, 7-10 September 1977 a t  
Blythe,  and 28 June 1978 a t  B i l l  Williams Del ta .  

Habi ta t :  Ripar ian  woodland, o the r  t a l l  t r e e s .  
Food : Mainly i n s e c t  l a r v a e ,  b e e t l e s ,  bugs, and f r u i t .  

Phi lade lphia  Vireo (Vireo phi lade lphicus)  
S t a t u s :  Hypothet ical .  One seen but  not  s u b s t a n t i a t e d ,  16 

September 1976 near  Poston. This  spec i e s  occurs  every 
year  i n  Arizona and southern  C a l i f o r n i a  and i s  t o  be 
expected a s  a  ca sua l  t r a n s i e n t .  

Hab i t a t :  Ripar ian  woodland. 
Food : Mainly i n s e c t  l a r v a e ,  b e e t l e s ,  wasps, and f l i e s .  

Warbling Vireo (Vireo g i l v u s )  
S t a t u s :  Spring and f a l l  t r a n s i e n t  wi th  very  p ro t r ac t ed  migrat ion 

per iods .  Occurs between mid-March and mid-June, and 
from mid-July t o  mid-November, bu t  common only from 
Apr i l  t o  mid-May, and from e a r l y  August t o  mid-October. 
Unseasonal s i g h t i n g s  inc lude :  28 June 1977 near  Poston; 
1 7  June 1978 a t  Cibola National  W i l d l i f e  Refuge, and 19 
December 1978 a t  B i l l  Williams Del ta .  

Habi ta t :  Riparian woodland, o t h e r  t a l l  t r e e s .  
Food : Mainly b e e t l e s ,  i n s e c t  l a r v a e ,  and bugs. 

Black-and-white Warbler (Mnio t i l t a  v a r i a )  
S t a t u s :  Rare but regular  t r a n s i e n t  i n  May and September; r a r e  

and i r r e g u l a r  win ter  r e s i d e n t  and t r a n s i e n t  from October 
through Apr i l  and i n  June. 

Hab i t a t :  Riparian woodland, e s p e c i a l l y  willows. 
Food : Mainly b e e t l e s ,  l a r v a e ,  a n t s ,  and sp ide r s .  

Prothonotary Warbler (P ro tono ta r i a  c i t r e a )  
S t a t u s :  Casual t r a n s i e n t .  Two records :  10 May 1977 a t  B i l l  

Williams Del ta  and 8-16 October 1979 nb r th  of Blythe 
(photo) .  

Habi ta t :  T a l l  r i p a r i a n  t r e e s  near water .  
Food : Ants, o the r  i n s e c t s ,  and l a rvae .  

Worm-eating Warbler (Helmitheros vermivorus) 
S t a t u s :  Casual t r a n s i e n t .  Two records :  a  s ing ing  male seen 10 

May 1977 a t  B i l l  Williams D e l t a ,  and one photographed 
near  Parker Dam 5 September 1981. 
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H a b i t a t :  Dense r i p a r i a n  v e g e t a t i o n .  
Food : I n s e c t  l a r v a e ,  b e e t l e s ,  a n t s ,  and s p i d e r s .  

Golden-winged Warbler (Vermivora c h r y s o p t e r a )  
S t a t u s :  Casual t r a n s i e n t .  One male s e e n  8 October  1978 a t  B i l l  

Will iams D e l t a .  
H a b i t a t :  R i p a r i a n  woodland. 
Food : Various  smal l  i n s e c t s  and l a r v a e .  

Blue-winged Warbler (Vermivora p i n u s )  . 

S t a t u s :  Casual  t r a n s i e n t .  One t aken  5 September 1952 a t  B i l l  
W i l l i a m s  D e l t a .  

H a b i t a t :  R i p a r i a n  woodland. 
Food : Various  s m a l l  i n s e c t s  and l a r v a e .  

Orange-crowned Warbler (Vermivora c e l a t a )  
S t a t u s :  F a i r l y  common t o  common t r a n s i e n t  and w i n t e r  r e s i d e n t  

from l a t e  August t o  e a r l y  May. Uncommon i n  e a r l y  August 
and l a t e  May; one s e e n  1 J u l y  1957 a t  I m p e r i a l  N a t i o n a l  
W i l d l i f e  Refuge. Max: 352, 18 December 1978, P a r k e r  
CBC. 

H a b i t a t :  R i p a r i a n  woodland, e s p e c i a l l y  wi l lows ;  o t h e r  t r e e s .  
Food: Mainly bugs ,  b e e t l e s ,  and i n s e c t  l a r v a e .  

N a s h v i l l e  Warbler (Vermivora r u f i c a p i l l a )  
S t a t u s :  Uncommon t o  f a i r l y  common t r a n s i e n t  from l a t e  March t o  

e a r l y  May, and from mid-August t o  e a r l y  October.  
H a b i t a t  : R i p a r i a n  woodland. 
Food : Mainly b e e t l e s ,  i n s e c t  l a r v a e  and eggs .  

V i r g i n i a  Warbler (Vermivora v i r g i n i a e )  
S t a t u s :  Rare  b u t  r e g u l a r  t r a n s i e n t  from mid-April through 

mid-May, and from e a r l y  August th rough  mid-September. 
One t aken  23 J u l y  1946 a t  Topock Marsh and one s e e n  2 
November 1977 a t  C ibo la  N a t i o n a l  W i l d l i f e  Refuge,  were 
unseasona l .  

H a b i t a t :  R i p a r i a n  woodland. 
Food : Various  i n s e c t s  and l a r v a e .  

Lucy Warbler (Vermivora l u c i a e )  
S t a t u s :  . L o c a l l y  common s p r i n g  b r e e d e r  from mid-March t o  

mid-July; numbers t h e n  d e c r e a s e  r a p i d l y ,  b u t  a few 
always l i n g e r  i n t o  September. Due t o  h a b i t a t  
d e s t r u c t i o n  t h i s  s p e c i e s  i s  becoming s c a r c e  i n  some 
a r e a s ,  such a s  near  Yuma. However, t h e  l a r g e  mesqui te  
bosques remaining n e a r  Ehrenberg and Pos ton  a r e  
e s t i m a t e d  t o  suppor t  a s  many a s  750 p a i r s  (1976-80). 
T h i s  s p e c i e s  decreased r a p i d l y  th roughout  t h e  v a l l e y  i n  
t h e  1950's and was v i r t u a l l y  a b s e n t  between 1954 and 
1960. 

H a b i t a t :  Most numerous i n  dense  honey mesqu i te  woodlands, 
widespread i n  o t h e r  r i p a r i a n  woods and d e s e r t  washes. 

Breeding: Nests i n  c a v i t i e s  o r  behind s l a b s  of b a r k  o r  d e b r i s  i n  
mesqui te  o r  o t h e r  t r e e s .  Two t o  t h r e e  broods .  Lays 3-7 
e g g s ,  A p r i l  t o  June.  

Food : Mainly i n s e c t  l a r v a e ,  b e e t l e s ,  and bugs. 
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Northern Parula  
S t a t u s :  

Habi ta t :  
Food : 

(Pa ru l a  americana) 
Rare but probably r egu la r  t r a n s i e n t  and winter  v i s i t o r  
wi th  records between mid-October and e a r l y  June. About 
15 records  t o  da t e :  3  i n  f a l l ,  6  i n  s p r i n g ,  and 5  of 
probably win ter ing  b i rds .  Also, one d e f i n i t e  breeding 
record ,  a  female discovered no r th  of Blythe on 9  June 
1981 was subsequently found feeding 2 f l e d g l i n g s .  
Ripar ian  woodland. 
Bee t l e s ,  f l i e s ,  i n s e c t  l a r v a e ,  and sp ide r s .  

Yellow Warbler (Dendroica pe t ech ia )  
S t a tus :  F a i r l y  common t r a n s i e n t  from mid-April t o  e a r l y  June and 

from e a r l y  August t o  e a r l y  October. Also,  a  r a r e  but 
r e g u l a r  win ter  r e s iden t  i n  very small  numbers. Formerly 
a  common breeder  i n  the  v a l l e y  ( u n t i l  1952 o r  1953),  bu t  
l o c a l  e x t i n c t i o n  has probably been caused by cowbird 
pa ra s i t i sm and d e s t r u c t i o n  of willow h a b i t a t s .  A few 
s inging  males a r e  i r r e g u l a r l y  present  i n  June o r  J u l y  
but  breeding was not suspected from 1975-1980, even i n  
s u i t a b l e  h a b i t a t  such a s  a t  B i l l  Williams Delta .  

Hab i t a t :  Ripar ian  woodland, o the r  t r e e s .  
Food : Mainly a n t s ,  b e e t l e s ,  bugs, and l a rvae .  

Magnolia Warbler (Dendroica magnolia) 
S t a t u s :  Casual t r a n s i e n t  and win te r  v i s i t o r .  Four records :  5  

October 1949 a t  B i l l  Williams De l t a ,  11 November 1951 a t  
Topock, 12 October 1968 a t  Imperial  Dam, and 24 December 
1977 t o  24 January 1978 a t  B i l l  Williams Del ta  (photo) .  

Habi ta t :  Ripar ian  woodland. 
Food : Mainly b e e t l e s ,  f l i e s ,  and i n s e c t  l a r v a e .  

Cape May Warbler (Dendroica t i g r i n a )  
S t a t u s :  Casual t r a n s i e n t .  One taken 23 September 1924 a t  Laguna 

Dam. 
Habi ta t :  Ripar ian  and o the r  t r e e s .  
Food : Mainly wasps, f l i e s ,  l a r v a e ,  and b e e t l e s ;  a l s o  f r u i t .  

Black-throated Blue Warbler (Dendroica caeru lescens)  
S t a tus :  Casual t r a n s i e n t  and winter  v i s i t o r .  Three records :  a  

.male was near  Davis Dam 15 October 1975, a  female was 
seen 10 October 1978 a t  B i l l  Williams D e l t a ,  and another  
a d u l t  male spent  a t  l e a s t  two weeks u n t i l  23 December 
1978 a t  Yuma. 

Habi ta t :  Ripar ian  woodland, o the r  t r e e s .  
Food: Mainly f l i e s ,  b e e t l e s ,  bugs, and l a rvae .  

Yellow-rumped Warbler (Dendroica coronata)  
S t a t u s :  Common t o  abundant t r a n s i e n t  and winter  r e s i d e n t  between 

l a t e  September and mid-April. A few i n d i v i d u a l s  a r r i v e  
a s  e a r l y  a s  l a t e  August and l i n g e r  t o  l a t e  May. 
Sometimes occurs i n  l a r g e  f locks .  The Myrtle Warbler 
( D .  c .  coronata)  i s  a  r a r e  but  r egu la r  v i s i t o r ,  u sua l ly  
a s s o c i a t i n g  wi th  l a r g e  concent ra t ions  of D .  c .  auduboni. -- 
Max: 3981, 23 December 1977, Parker  CBC. 
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H a b i t a t :  R i p a r i a n  woodland, o t h e r  t a l l  t r e e s ,  a g r i c u l t u r a l  l a n d ,  
and i n h a b i t e d  a r e a s .  

Food: Mainly bugs ,  b e e t l e s ,  i n s e c t  l a r v a e ,  f l i e s ,  and wasps. 

Black- throated Gray Warbler (Dendroica  n i g r e s c e n s )  
S t a t u s :  Uncommon t r a n s i e n t  i n  A p r i l ,  e a r l y  May and August; 

f a i r l y  common i n  September t o  mid-October. Also ,  a r a r e  
bu t  r e g u l a r  w i n t e r  r e s i d e n t ,  p r i m a r i l y  a t  B i l l  Wil l iams 
Del ta .  

H a b i t a t :  R i p a r i a n  woodland, e s p e c i a l l y  cottonwoods; o t h e r  t a l l  
t r e e s .  

Food : Mainly i n s e c t  l a r v a e  and v a r i o u s  i n s e c t s .  

Townsend Warbler (Dendroica townsendi)  
S t a t u s :  Uncommon t o  f a i r l y  common t r a n s i e n t  from e a r l y  A p r i l  

through May and August through mid-October. F ive  w i n t e r  
r e c o r d s :  22 December 1975 n o r t h  of Yuma, 13 January  
1977 a t  I m p e r i a l  N a t i o n a l  W i l d l i f e  Refuge,  two on 23 
December 1977 n e a r  V i d a l ,  C a l i f o r n i a ,  and 26 January  
1978 a t  P a r k e r .  

H a b i t a t :  R i p a r i a n  woodland, o t h e r  t a l l  t r e e s .  
Food : Mainly bugs ,  a n t s ,  wasps,  and b e e t l e s .  

Black- throated Green Warbler (Dendroica  v i r e n s )  
S t a t u s :  Casual o r  v e r y  r a r e  f a l l  t r a n s i e n t .  S i x  r e c o r d s :  30 

October 1952 a t  B i l l  Will iams D e l t a ,  21 October 1952, 
and 18 October 1953 a t  Parker ;  23 October 1978 a t  C ibo la  
N a t i o n a l  W i l d l i f e  Refuge; 11 November 1978 a t  B i l l  
Will iams D e l t a ;  and 14 October 1979 a t  Blythe .  

H a b i t a t  : R i p a r i a n  woodland, o t h e r  t r e e s .  
Food : Mainly i n s e c t  l a r v a e ,  b e e t l e s ,  and bugs. 

Hermit Warbler (Dendroica o c c i d e n t a l i s )  
S t a t u s :  Uncommon t r a n s i e n t  from mid-April t o  l a t e  May and l a t e  

J u l y  t o  mid-October. 
H a b i t a t :  R i p a r i a n  woodland, o t h e r  t r e e s .  
Food : Small s p i d e r s ,  l a r v a e ,  b e e t l e s ,  and o t h e r  i n s e c t s .  

Grace Warbler (Dendroica g r a c i a e )  
S t a t u s :  Casual w i n t e r  v i s i t o r .  One seen  27 February 1977 a t  t h e  

s o u t h  t i p  of Nevada. 
H a b i t a t :  R i p a r i a n  v e g e t a t i o n .  
Food : I n s e c t  l a r v a e  and v a r i o u s  i n s e c t s .  

Chestnut-s ided Warbler (Dendroica pensy lvan ica )  
S t a t u s :  Casual t r a n s i e n t .  Recorded 11 October 1978 n o r t h  of 

Bly the  and 18 December 1978 n e a r  Poston.  
H a b i t a t :  R i p a r i a n  woodland. 
Food : Mainly b e e t l e s ,  wasps,  i n s e c t  l a r v a e ,  and s p i d e r s .  

Bay-breasted Warbler (Dendroica  c a s t a n e a )  
S t a t u s :  Casual t r a n s i e n t .  One seen 9 October 1978 a t  B i l l  

Will iams D e l t a .  
H a b i t a t :  R i p a r i a n  woodland. 
Food : Various  i n s e c t s  and l a r v a e .  
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B l a c k p o l l  Warbler (Dendroica  s t r i a t a )  
S t a t u s :  Casual  t r a n s i e n t .  Four r e c o r d s :  one a t  West Pond 15 

May 1955, a  female  23 June 1977 a t  I m p e r i a l  N a t i o n a l  
W i l d l i f e  Refuge,  a  s i n g i n g  male 10 May 1979 a t  B l y t h e ,  
and one 11 October 1980 a t  Parker .  

H a b i t a t :  R i p a r i a n  woodland, o t h e r  t r e e s .  
Food : B e e t l e s ,  wasps,  a n t s ,  and i n s e c t  l a r v a e .  

Palm Warbler (Dendroica  palmarum) 
S t a t u s :  Casual  t r a n s i e n t .  Three  r e c o r d s :  22 September 1942 

n o r t h  of I m p e r i a l  Dam, 9  October 1979 s o u t h  of Davis 
Dam, Nevada, and 22 December 1980 s o u t h  of P a r k e r .  

H a b i t a t :  R i p a r i a n  woodland, b rush .  
Food : Various  i n s e c t  l a r v a e  and i n s e c t s .  

Ovenbird ( S e i u r u s  a u r o c a p i l l u s )  
S t a t u s :  Casual t r a n s i e n t  and w i n t e r  v i s i t o r .  F i v e  r e c o r d s :  10 

May 1977, 5 September 1977, 14 October  1977, and 1 3  June 
1979 a l l  a t  B i l l  Wil l iams D e l t a ,  and 23 December 1977 
n e a r  Parker .  

H a b i t a t :  R i p a r i a n  woodland, o t h e r  dense  v e g e t a t i o n ,  
Food : Mainly b e e t l e s ,  a n t s ,  l a r v a e ,  s p i d e r s ,  and o t h e r  

i n v e r t e b r a t e s .  

Northern Water thrush ( S e i u r u s  noveboracens i s )  
S t a t u s :  Rare  but  r e g u l a r  t r a n s i e n t  from mid-August th rough  

mid-September; i r r e g u l a r  i n  l a t e  f a l l ,  w i n t e r ,  and 
s p r i n g .  Max: 4  on 20 August 1977 a t  B i l l  Wil l iams 
D e l t a .  

H a b i t a t :  Wet r i p a r i a n  woodland, marsh.  
Food : Mainly a q u a t i c  i n s e c t s ,  b e e t l e s ,  and l a r v a e .  

L o u i s i a n a  Water thrush ( S e i u r u s  m o t a c i l l a )  
S t a t u s :  Casual t r a n s i e n t .  One c a r e f u l  s i g h t  r ecord  31 J u l y  t o  

15 August 1977 a t  B i l l  Will iams D e l t a .  
H a b i t a t :  Flooded r i p a r i a n  woodland. 
Food : Aquat ic  i n s e c t s ,  b e e t l e s ,  and l a r v a e .  

Kentucky Warbler (Oporornis  formosus) 
S t a t u s :  Casual t r a n s i e n t .  One caught  20 June  1976 n o r t h  of 

Yuma. 
H a b i t a t :  Dense v e g e t a t i o n .  
Food: Var ious  i n s e c t s ,  l a r v a e ,  and s p i d e r s .  

MacGil l ivray Warbler (Opororn i s  t o l m i e i )  
S t a t u s :  F a i r l y  common t r a n s i e n t  i n  A p r i l ,  May, and i n  September; 

uncommon i n  l a t e  March, e a r l y  J u n e ,  mid-August, Oc tober ,  
and e a r l y  November. One was seen 27 November 1971 a t  
Laguna Dam and a  b i r d  i d e n t i f i e d  o n l y  t o  genus on 20 
December 1976 a t  Parker  was most l i k e l y  0. t o l m i e i .  

H a b i t a t :  R i p a r i a n  woodland, o t h e r  dense  v e g e t a t i o n ,  
Food : Mainly b e e t l e s ,  o t h e r  i n s e c t s ,  and l a r v a e .  
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Common Yellowthroat (Geothlypis trichas) 

Locally common summer breeder and fairly common Status: 

Habitat: 
Breeding : 

Food: 

Yellow-breasted 
Status: 

Habitat: 

Breeding: 

Food : 

transient and winter resident. May be found year round 
in extensive marshes, and occurs at other breeding 
sites, such as Bill Williams Delta, from April through 
September. 
Marsh, wet riparian woodland. 
Nests on or near ground in emergent vegetation. Two 
broods are raised in June and July. 
Small insects, aqautic larvae and spiders. 

Chat (Icteria virens) 
Locally fairly common summer breeder from late April to 
early September; a few lingering individuals or 
transients appear through mid-October. 
Tall riparian woodland, especially willows, with 
well-developed shrub layer. 
Nests usually low in thickets of willows or other 
shrubs, often overgrown with tangles. Eggs 3-5 in a 
set. Breeding season is April to August. 
Small and large insects, including ants, grasshoppers, 
and cicadas. 

Red-faced Warbler (Cardellina rubifrons) 
Status: Hypothetical. One seen but not documented, 19 April 

1975 at Imperial National Wildlife Refuge. 
Habitat: Riparian woodland. 
Food : Various insects and larvae. 

Hooded Warbler (Wilsonia citrina) 
Status: Casual transient or summer visitor. One female seen 29 

June 1979 at Bill Williams Delta. 
Habitat: Riparian woodland. 
Food : Various insects, spiders, and larvae. 

Wilson Warbler (Wilsonia pusilla) 
Status: Common transient in April, May, late August, and 

September; uncommon in March, early June, early August, 
and early October. Rare but probably regular in winter 
in the southern parts of the valley. Max: 109, 10 May 
1977, at Parker and Bill Williams Delta. 

Habitat: Riparian woodland, other trees and shrubs. 
Food : Various insects and larvae. 

American Redstart (Setophaga ruticilla) 
Status: Rare but regular transient and wiflter resident in very 

small numbers, with records for every month except July 
and perhaps March. Max: 3, 16 September 1978, Bill 
Williams Delta. 

Habitat: Riparian woodland, other tall trees. 
Food : A wide variety of insects and larvae. 
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Painted Reds t a r t  (dyioborus p i c t u s )  
S t a t u s :  Casual o r  very r a r e  t r a n s i e n t  and win te r  v i s i t o r .  

Severa l  records:  a l l  w in t e r  u n t i l  27 February 1976 a t  
t h e  south t i p  of Nevada (pho to ) ,  16 Apr i l  1976 a t  B i l l  
Williams De l t a ,  14-16 September 1978 a t  Ehrenberg, and 
31 August 1979 a t  Imper ia l  Dam. 

Hab i t a t :  Riparian woodland, o t h e r  t a l l  t r e e s .  
Food : Various i n s e c t s  and l a rvae .  

House Sparrow (Passe r  domesticus) 
S t a t u s :  Common t o  abundant r e s i d e n t  and breeder  i n  a l l  developed 

p a r t s  of t he  v a l l e y ,  o f t e n  i n  l a r g e  concent ra t ions .  
Hab i t a t :  Towns, o t h e r  inhabi ted  a r e a s ,  a g r i c u l t u r a l  land.  
Breeding: Nest is  e i t h e r  a  bulky dome of g r a s s  o r  s t i c k s ,  o r  i n  a  

c a v i t y  of a  t r e e  o r  bu i ld ing .  
Food: Seeds, i n s e c t s ,  garbage. 

Bobolink (Dolichonyx oryz ivorus)  
S t a t u s :  Casual t r a n s i e n t .  Three s i g h t i n g s :  14 September 1954 

a t  B i l l  Williams De l t a ,  29 May 1975 (male) a t  
Katherine 's  Landing, Lake Mohave, and 8  June 1977 
(s inging  male) near  Poston. 

Habi ta t :  Agr i cu l tu ra l  l and ,  marsh. 
Food : Mainly i n s e c t s  and l a r v a e ;  a l s o  g r a i n  and weed seeds.  

Eastern Meadowlark ( S t u r n e l l a  magna) 
S t a t u s :  S t a t u s  uncer ta in .  One specimen c o l l e c t e d  "by accident1'  

1 7  March 1979 n o r t h  of Ehrenberg, and a  few 
unsubs tan t ia ted  s i g h t  records  such a s  25 November and 20 
December 1979 (2)  near  Parker .  This  spec i e s  could be a  
r egu la r  win ter  v i s i t o r  t o  t he  v a l l e y  and would r ep re sen t  
a  new spec i e s  f o r  C a l i f o r n i a  i f  found on t h a t  s i d e  of 
t h e  r i v e r .  

Habi ta t :  Agr i cu l tu ra l  f i e l d s ,  e s p e c i a l l y  t a l l  a l f a l f a  and g ra s s .  
Food : Mainly i n s e c t  l a r v a e ,  b e e t l e s ,  and grasshoppers.  

Western Meadowlark ( S t u r n e l l a  neglects) 
S t a t u s :  Local ly f a i r l y  common summer breeder  and common winter  

r e s i d e n t  i n  a l l  g rassy  s i t u a t i o n s .  
Hab i t a t :  Agr i cu l tu ra l  f i e l d s ,  e s p e c i a l l y  a l f a l f a ,  spa r se  r i p a r i a n  

o r  d e s e r t  a r eas  wi th  g r a s s ,  marshes. 
Breeding: Nest i n  low g r a s s ,  i n  ground depress ion  o r  concealed i n  

t h i c k  g r a s s ,  p a r t i c u l a r l y  i n  pas ture lands .  Eggs: 3-7, 
u sua l ly  5. Breeding season i s  February-July. Two 
broods per season. 

Food : Mainly b e e t l e s ,  earwigs,  i n s e c t  l a r v a e ,  and seeds. 

Yellow-headed Blackbird (Xanthocephalus xanthocephalus) 
S t a t u s :  Local ly common summer breeder  throughout the  v a l l e y  

between March and September. Uncommon i n  win te r ,  but  
l a r g e  concent ra t ions  occas iona l ly  occur i n  t he  southern 
p a r t s  of the  va l l ey .  Max: 20,000 ( a l l  male) ,  1  January 
1955, no r theas t  of Yuma. 

Hab i t a t :  Marshes f o r  nes t ing  and roos t ing ;  a g r i c u l t u r a l  f i e l d s  
f o r  feeding. 
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Breeding: Nest b u i l t  i n  r e e d s  and c a t - t a i l s ,  1-3 f t  above w a t e r .  
Eggs 3-5, u s u a l l y  4. Breeding season  i s  April-June.  

Food : I n s e c t  l a r v a e ,  b e e t l e s ,  g r a s s h o p p e r s ,  and v a r i o u s  s e e d s .  

Red-winged Blackb i rd  (Age la ius  phoeniceus)  
S t a t u s :  Common t o  abundant y e a r  round throughout  t h e  v a l l e y ,  b u t  

l o c a l  s t a t u s  v a r i e s  due t o  t h e  d i f f e r e n t i a l  b r e e d i n g ,  
w i n t e r i n g ,  and m i g r a t i o n  of v a r i o u s  p o p u l a t i o n s .  O f t e n  
occurs  i n  l a r g e  f l o c k s .  

H a b i t a t :  Marshes f o r  n e s t i n g  and r o o s t i n g ;  f e e d s  i n  a g r i c u l t u r a l  
l a n d ,  o c c a s i o n a l l y  i n  r i p a r i a n  woodland o r  a t  human 
h a b i t a t i o n s .  

Breeding: Nes t s  u s u a l l y  b u i l t  i n  marshes ,  connected t o  b l a d e s  of 
c a t - t a i l s .  Lays 3-5 eggs;  2  broods  normal ly  r a i s e d .  
Breeding season  is  Apr i l - Ju ly  . 

Food : Mainly s e e d s ,  i n s e c t  l a r v a e ,  and b e e t l e s .  

Orchard O r i o l e  ( I c t e r u s  s p u r i u s )  
S t a t u s :  Casual t r a n s i e n t  and w i n t e r  v i s i t o r .  Four r e c o r d s :  

20-21 February  1974 a t  I m p e r i a l  Dam, 23 A p r i l  1978 a t  
Earp ,  C a l i f o r n i a ,  20 May 1979 n e a r  Yuma, and 1 October 
1979 a t  Laguna Dam. 

H a b i t a t :  R i p a r i a n  woodland, o t h e r  t r e e s .  
Food : I n s e c t s ,  l a r v a e ,  s p i d e r s ,  and f r u i t .  

Hooded O r i o l e  ( I c t e r u s  c u c u l l a t u s )  
S t a t u s :  L o c a l l y  f a i r l y  common summer b r e e d e r  from mid-March 

through September, w i t h  a  few l i n g e r i n g  a s  l a t e  a s  
November. 

H a b i t a t :  Towns and i n h a b i t e d  a r e a s ,  p a r t i c u l a r l y  w i t h  ornamental  
palms and hummingbird f e e d e r s ;  l e s s  numerous i n  r i p a r i a n  
woodland. 

Breeding: Nest i s  a  woven b a s k e t  i n  a  palm o r  o t h e r  t r e e .  
Food: I n s e c t s ,  n e c t a r ,  and f r u i t .  

Northern O r i o l e  ( I c t e r u s  g a l b u l a )  
S t a t u s :  F a i r l y  common t o  common summer b r e e d e r  between mid-March 

and l a t e  J u l y .  Most b reed ing  i n d i v i d u a l s  d e p a r t  i n  
e a r l y  August ,  b u t  l i n g e r e r s  and t r a n s i e n t s  remain u n t i l  
l a t e  September o r  r a r e l y  later.  One w i n t e r  specimen; 1 
January-1 February 1947 a t  P a r k e r ,  and two o t h e r  
p o s s i b l e  w i n t e r  r e c o r d s :  a  male ,  28 February  1956 a t  
Bard,  and two noted i n  February 1966 a t  Yuma. The 
e a s t e r n  form, I. g a l b u l a  g a l b u l a  i s  a c a s u a l  t r a n s i e n t :  
seen  22 septem=r 1956 a t  I m p e r i a l  N a t i o n a l  W i l d l i f e  
Refuge and i n  May 1980 n o r t h  of Ehrenberg.  A male -- I. g .  

a l b u l a  mated w i t h  a female  I. b u l l o c k i  n o r t h  of 
i l y t h e  i n  1977 and produced r l o c a l  hybr id  popula t ion  a s  
t h e  o f f s p r i n g  r e t u r n e d  t o  breed i n  subsequent  y e a r s .  

H a b i t a t :  T a l l  r i p a r i a n  woodland, o t h e r  t a l l  t r e e s .  
Breeding: Nest i s  a  woven baske t  suspended from a  branch.  Two 

broods  a r e  r a i s e d  i n  May and June.  
Food : Mainly c a t e r p i l l a r s  and l a r g e  i n s e c t s  such a s  c i c a d a s  

and g rasshoppers .  
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S c o t t  Or io le  ( I c t e r u s  parisorum) 
Casual s t r a g g l e r  or  t r a n s i e n t .  Three records :  3  August S t a tus :  

Hab i t a t :  
Food: 

Rusty Blackbird 
S ta tus :  

Habi ta t :  
Food : 

1954 a t  ~ i l i - ~ i l l i a m s  D e l t a ,  7  May 1977 and 20 J u l y  1978 
n o r t h  of Ehrenberg. 
Ripar ian  woodland, d e s e r t  washes. 
Mainly grasshoppers ,  b e e t l e s ,  i n s e c t  l a r v a e ,  and f r u i t .  

(Euphagus c a r o l i n u s )  
Casual t r a n s i e n t  o r  win ter  v i s i t o r .  Specimens taken 17 
February 1950 a t  B i l l  Williams Del ta  and 6 November 1952 
a t  Topock Marsh; females seen 21 November 1951 a t  B i l l  
Williams De l t a ,  and 26 February 1959 a t  Imperial  
Nat ional  Wi ld l i f e  Refuge, and a  f l o c k  of t h r e e  females 
and two males seen 10 March 1977 a t  B i l l  Williams Del ta .  
Wet r i p a r i a n  woodland. 
Mainly b e e t l e s ,  grasshoppers ,  o t h e r  i n s e c t s .  

Brewer Blackbird (Euphagus cyanocephalus) 
S t a t u s :  Common t o  abundant winter  r e s i d e n t  between October and 

mid-April, o f t e n  i n  l a r g e  f locks .  Uncommon i n  September 
and u n t i l  e a r l y  May. One summer specimen; a  female 12 
June 1947 a t  Lake Havasu. 

Habi ta t :  Agr i cu l tu ra l  f i e l d s ,  f e e d l o t s ,  i nhab i t ed  a r e a s ,  
sho re l ine .  

Food : Mainly seeds ,  earwigs,  b e e t l e s ,  and bugs. 

Grea t - ta i led  Grackle (Quiscalus  mexicanus) 
Loca l ly  f a i r l y  common re s iden t  and breeder  throughout S t a tus :  

Habi ta t :  
Breeding : 

Food : 

Common Grackle 
S t a t u s :  

Habi ta t :  
Food : 

t h e  v a l l e y .  This  spec i e s  was f i r s t  recorded along t h e  
Colorado River i n  1964 a t  Imper ia l  Dam wi th  the  f i r s t  
evidence of breeding t h e r e  i n  June 1968. It has been 
inc reas ing  and spreading con t inua l ly  s i n c e  then. I n  
1975, small  co lonies  ex i s t ed  a t  Blythe and Needles, and 
t h e  f i r s t  small  f l o c k  was a t  Parker  i n  December 1976. 
One was noted a t  B i l l  Williams Del ta  i n  1977, and i t  was 
common t h e r e  i n  1978. By 1980, t h i s  spec i e s  had f i l l e d  
i n  many gaps i n  i t s  d i s t r i b u t i o n  and was very common 
around Parker .  This spec ies  i s  p red ic ted  t o  become an 
abundant r e s i d e n t  throughout t h e  v a l l e y .  
Agr i cu l tu ra l  l and ,  marshes,  inhabi ted  a r e a s ,  sho re l ines .  
Nests i n  co lonies  near water ;  o f t e n  a s soc i a t ed  wi th  
heron rooker ies .  3-4 eggs per  c lu t ch .  Breeding season 
Apr i l -June . 
Mainly grasshoppers ,  earwigs,  b e e t l e s ,  and wasps. 

(Quiscalus  qu i scu la )  
Casual v i s i t o r .  One c a r e f u l  s i g h t i n g  19 June-9 Ju ly  - 

1979 no r th  of Blythe. 
Farmyard . 
Mainly seeds ,  va r ious  i n s e c t s ,  and some v e r t e b r a t e s .  

Brown-headed Cowbird (Molothrus - a t e r )  
S t a t u s :  Common year-round r e s i d e n t  throughout t h e  v a l l e y ,  b u t  

l o c a l  d i s t r i b u t i o n s  vary seasonal ly .  Occurs pr imar i ly  
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H a b i t a t :  

Breeding : 

Food: 

Bronzed Cowbird 
S t a t u s :  

H a b i t a t :  
Breeding : 

Food : 

Western Tanager 
S t a t u s :  

H a b i t a t :  
Food : 

S c a r l e t  Tanager 
S t a t u s :  

H a b i t a t :  
Food : 

Hepat ic  Tanager 
S t a t u s :  

H a b i t a t :  
Food : 

i n  f l o c k s  i n  developed a r e a s  i n  f a l l  and w i n t e r .  
Breeding b i r d s  e n t e r  n a t i v e  h a b i t a t s  i n  l a t e  March. 
A g r i c u l t u r a l  l a n d ,  r i p a r i a n  woodland, i n h a b i t e d  a r e a s ,  
marsh. 
A brood p a r a s i t e  of o t h e r  s p e c i e s ;  known h o s t s  i n c l u d e  
Black- ta i l ed  G n a t c a t c h e r ,  B e l l  V i r e o ,  Lucy Warbler ,  
Common Y e l l o w t h r o a t ,  Northern O r i o l e ,  Aber t  Towhee, and 
Song Sparrow. Eggs a r e  l a i d  from May t o  J u l y .  
Mainly s e e d s ;  a l s o  i n s e c t  l a r v a e ,  bugs ,  o t h e r  i n s e c t s .  

(Molothrus aeneus)  
Recen t ly ,  a  r a r e  b u t  r e g u l a r  summer r e s i d e n t  and b r e e d e r  
l o c a l l y  th roughout  t h e  v a l l e y .  Areas of occur rence  
i n c l u d e  Davis Dam, P a r k e r  Dam, Earp,  B l y t h e ,  Ehrenberg,  
Laguna D a m ,  and Yuma. T h i s  s p e c i e s  was f i r s t  r ecorded  
i n  1950 and was r e g u l a r  by 1952. 
I n h a b i t e d  a r e a s ,  e s p e c i a l l y  w i t h  lawns. 
A brood p a r a s i t e  of o t h e r  b i r d s ;  i t s  most f r e q u e n t  h o s t  
i s  t h e  Hooded O r i o l e .  
Mainly g r a i n ,  o t h e r  s e e d s ,  a  few i n s e c t s .  

( P i r a n g a  l u d o v i c i a n a )  
F a i r l y  common t r a n s i e n t  from A p r i l  through e a r l y  June  
and i n  August and September. E a r l y  b i r d s  a r r i v e  by 
mid-March o r  e a r l y  J u l y  and l a t e  i n d i v i d u a l s  occur  i n t o  
l a t e  October.  At l e a s t  one i n d i v i d u a l  male was p r e s e n t  
through summer a t  Parker .  
R i p a r i a n  woodland, o t h e r  t a l l  t r e e s .  
Mainly wasps, bugs ,  b e e t l e s ,  and f r u i t .  

( P i r a n g a  o l i v a c e a )  
Casual t r a n s i e n t .  One banded and photographed 18 - - 
October 1970 a t  Bard,  C a l i f o r n i a .  
R i p a r i a n  v e g e t a t i o n .  
Mainly wasps,  b e e s ,  b e e t l e s ,  i n s e c t  l a r v a e ,  and f r u i t .  

( P i r a n g a  f l a v a )  
Casual t r a n s i e n t  and w i n t e r  v i s i t o r .  Recorded: 18 
November 1960 a t  I m p e r i a l  N a t i o n a l  W i l d l i f e  Refuge,  19 
December 1973 a t  I m p e r i a l  Dam, and 2-5 A p r i l  1979 a t  
Blythe.  
R i p a r i a n  woodland, o t h e r  t a l l  t r e e s .  
Mainly i n s e c t s ,  some f r u i t .  

Summer Tanager ( P i r a n g a  r u b r a )  
S t a t u s :  L o c a l l y  f a i r l y  common summer b r e e d e r  from l a t e  A p r i l  t o  

e a r l y  October.  There a r e  a  few l a t e  f a l l  and w i n t e r  
r e c o r d s  such  a s  19 December 1977 t o  8  February  1978 a t  
B i l l  Will iams D e l t a ,  and p o s s i b l y  9  A p r i l  1966 a t  Bard. 

H a b i t a t :  T a l l  r i p a r i a n  woodland, e s p e c i a l l y  cottonwood-willow 
a s s o c i a t i o n s .  

Breeding: Nest i s  a  cup 25 t o  40 f e e t  h i g h  i n  a  cottonwood o r  
willow. Two broods a r e  r a i s e d  i n  June and J u l y .  

Food : Large i n s e c t s  such a s  wasps, c i c a d a s ,  and g rasshoppers .  
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Card ina l  ( C a r d i n a l i s  c a r d i n a l i s )  
S t a t u s :  Rare and l o c a l  r e s i d e n t  between Ehrenberg and B i l l  

W i l l i a m s  D e l t a  and more r e c e n t l y  a t  Need les ,  Laguna Dam 
and Yuma. Apparen t ly  s p r e a d i n g  g r a d u a l l y .  Max: 5 ,  23 
December 1977, P a r k e r  CBC. 

H a b i t a t :  R i p a r i a n  woodland, o t h e r  brush.  
Food : I n s e c t s ,  s e e d s ,  and f r u i t .  

P y r r h u l o x i a  ( C a r d i n a l i s  s i n u a t u s )  
S t a t u s :  Casual summer v i s i t o r .  A male was caught  a t  P a l o  Verde 

on 14 J u l y  1974, and a  s i n g i n g  m a l e  w a s  n o r t h  of 
Ehrenberg on 4  J u l y  1981. Also ,  a  p a i r  n e s t e d  i n  
Chemehuevi Wash, 15 m i l e s  wes t  of Lake Havasu i n  1977. 

H a b i t a t :  R i p a r i a n  b r u s h ,  d e s e r t  wash. 
Food : I n s e c t s ,  s e e d s ,  and f r u i t .  

Rose-breasted Grosbeak ( P h e u c t i c u s  l u d o v i c i a n u s )  
S t a t u s :  Rare b u t  r e g u l a r  t r a n s i e n t  from mid-May th rough  l a t e  - - 

June ;  c a s u a l  i n  summer, f a l l ,  and e a r l y  w i n t e r .  T h i s  
s p e c i e s  was e x c e p t i o n a l l y  numerous i n  June  1977 ( a b o u t  
10 r e p o r t s ) ,  and a p a i r  i s  r e p o r t e d  t o  have n e s t e d  a t  
L o s t  Lake R e s o r t  n e a r  V i d a l ,  C a l i f o r n i a  t h a t  summer. 

H a b i t a t :  R i p a r i a n  woodland, o t h e r  t r e e s ,  margins  of a g r i c u l t u r a l  
f i e l d s .  

Food : Seeds,  f r u i t ,  and i n s e c t s .  

Black-headed Grosbeak ( P h e u c t i c u s  melanocephalus)  
S t a t u s :  F a i r l y  common t r a n s i e n t  i n  A p r i l ,  May, and August; 

uncommon i n  l a t e  March, e a r l y  J u n e ,  l a t e  J u l y ,  and 
September. A few i n d i v i d u a l s  no ted  i n  l a t e  June  and 
e a r l y  J u l y  may be non-breeding summer r e s i d e n t s .  

H a b i t a t  : R i p a r i a n  woodland, o t h e r  t r e e s  and shrubs .  
Food : Seeds ,  f r u i t ,  and i n s e c t s .  

Blue Grosbeak (Gui raca  c a e r u l e a )  
S t a t u s :  Common b r e e d e r  from e a r l y  May th rough  August. F i r s t  

migran t s  appear  i n  mid-April and t h e  l a t e s t  m i g r a n t s  
occur  through mid-October. 

H a b i t a t :  R i p a r i a n  woodland, p a r t i c u l a r l y  burned o r  o t h e r  open 
a r e a s .  

Breeding: Nest 5 t o  10 f e e t  h i g h  i n  a  dense  shrub;  4 eggs  i n  a  
c l u t c h ,  2  broods.  Breeding season  i s  from May-August. 

Food : Large i n s e c t s ,  p a r t i c u l a r l y  g r a s s h o p p e r s  and c i c a d a s ;  
a l s o  seeds .  

I n d i g o  Bunting ( P a s s e r i n a  cyanea)  
S t a t u s :  Uncommon and l o c a l  summer b r e e d e r  from May through 

August; r a r e  t r a n s i e n t  i n  l a t e  A p r i l  and September. 
Breeding a r e a s  s h i f t  from y e a r  t o  y e a r  f o l l o w i n g  burns  
o r  d i s t u r b a n c e .  Over 40 s i n g i n g  males  were no ted  
between Topock Marsh and I m p e r i a l  N a t i o n a l  W i l d l i f e  
Refuge i n  J u l y  1977. 

H a b i t a t :  Burned o r  o t h e r  open r i p a r i a n  woods, o r c h a r d s ,  o t h e r  
edge s i t u a t i o n s .  
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Breeding: D e f i n i t e  b reed ing  has  been noted a t  Topock Marsh, n o r t h  
of Needles ,  and B i l l  Wil l iams D e l t a ,  w i t h  f l e d g e d  YGUng 
be ing  fed  i n  J u l y .  

Food : Grasshoppers ,  o t h e r  i n s e c t s ,  and s e e d s .  

L a z u l i  Bunting ( P a s s e r i n a  amoena) 
S t a t u s :  F a i r l y  common t r a n s i e n t  from mid-April through May, and 

a g a i n  from August through September. Uncommon i n  e a r l y  
A p r i l ,  e a r l y  J u n e ,  and l a t e  J u l y .  The s t a t u s  of s i n g i n g  
males noted through June  and J u l y  a t  Topock Marsh and 
Bly the  i s  unknown. One w i n t e r  s i g h t i n g :  18 December 
1978 a t  Parker .  

H a b i t a t :  R i p a r i a n  woodland, a g r i c u l t u r a l  marg ins ,  c i t r u s  
o r c h a r d s ,  o t h e r  brush.  

Food : Various  seeds  and i n s e c t s .  

Var ied Bunting ( P a s s e r i n a  v e r s i c o l o r )  
S t a t u s :  Casual  t r a n s i e n t  o r  w i n t e r  v i s i t o r ;  a f l o c k  of 15 s e e n  

a t  Blythe  ( 2  c o l l e c t e d )  8-9 ~ e b r u a ; ~  1914, and one s e e n  
20 September 1952 a t  B i l l  Will iams D e l t a .  

H a b i t a t :  R i p a r i a n  woodland. 
Food : Various  seeds  and i n s e c t s .  

P a i n t e d  Bunting ( P a s s e r i n a  c i r i s )  
S t a t u s :  Casual v i s i t o r .  One specimen, an immature female ,  

c o l l e c t e d  6 November 1976 n o r t h  of Ehrenberg.  Another 
female-plumaged b i r d  s e e n  13 November 1978 n e a r  V i d a l ,  
C a l i f o r n i a .  

H a b i t a t :  R i p a r i a n  woodland. 
Food : Various  seeds  and i n s e c t s .  

D i c k c i s s e l  ( S p i z a  americana)  
S t a t u s :  Casual t r ' ans ien t .  Three r e c o r d s :  26 September 1949 and 

19 September 1954 ( 2 )  a t  P a r k e r ,  and 18 September 1952 
a t  Topock Marsh. 

H a b i t a t :  R i p a r i a n  v e g e t a t i o n ,  a g r i c u l t u r a l  l and .  
Food : Seeds. 

Evening Grosbeak (Hesperiphona v e s p e r t i n a )  
S t a t u s :  Rare and i r r e g u l a r  f a l l  v i s i t o r  i n  October and November. 

Two s p r i n g  r e c o r d s :  6 May 1902 a t  Yuma and 7 May 1973 
n e a r  V i d a l ,  C a l i f o r n i a  ( two m a l e s ) .  

H a b i t a t :  R i p a r i a n  woodland, t a l l  t r e e s  near  human h a b i t a t i o n s .  
Food : Seeds. 

Purp le  Finch (Carpodacus purpureus )  
S t a t u s :  Rare and i r r e g u l a r  f a l l  and w i n t e r  v i s i t o r ,  w i t h  r e c o r d s  

from mid-October through January .  A female  Carpodacus,  
s e e n  9 A p r i l  1978 a t  Ehrenberg,  was probably  t h i s  
s p e c i e s .  

H a b i t a t :  R i p a r i a n  woodland, o t h e r  t r e e s  and shrubs .  
Food : Seeds.  
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C a s s i n  F inch  (Carpodacus c a s s i n i i )  
S t a t u s :  Casual f a l l  v i s i t o r .  One s e e n  and h e a r d ,  October 1979 

a t  Andrade n e a r  t h e  Mexican b o r d e r ,  and a female  
c a r e f u l l y  i d e n t i f i e d  as t h i s  s p e c i e s  was s e e n  9  November 
1980 n o r t h  of Blythe .  

H a b i t a t :  R i p a r i a n  woodland, d e s e r t .  
Food : Seeds. 

House F inch  (Carpodacus mexicanus) 
S t a t u s :  Common t o  abundant year-round r e s i d e n t ,  b u t  w i t h  l a r g e  

s h i f t s  i n  l o c a l  d i s t r i b u t i o n .  Of ten  found i n  l a r g e  - 

f l o c k s  excep t  d u r i n g  t h e  s p r i n g  b reed ing  season.  
H a b i t a t :  Breeds i n  d e s e r t  and s p a r s e  r i p a r i a n  woodland. Found 

y e a r  round i n  a g r i c u l t u r a l  a r e a s  and around human 
h a b i t a t i o n s .  

Breeding: Breeds from March-July. Nests can be found i n  a lmos t  
any s i t u a t i o n ,  u s u a l l y  n e a r  a  s o u r c e  of s e e d s .  C l u t c h  
s i z e  2-6. 

Food : Almost e n t i r e l y  s e e d s  and o t h e r  p l a n t  p a r t s .  

P i n e  S i s k i n  ( C a r d u e l i s  p i n u s )  
S t a t u s :  Uncommon f a l l  v i s i t o r  i n  October and November, and 

i r r e g u l a r  w i n t e r  v i s i t o r  th rough  A p r i l ;  a f e w  have 
l i n g e r e d  t o  e a r l y  June.  

H a b i t a t :  R i p a r i a n  woodland, a g r i c u l t u r a l  margins.  
Food : Seeds. 

American Goldf inch ( C a r d u e l i s  t r i s t i s )  
S t a t u s :  Uncommon w i n t e r  r e s i d e n t  i n  s m a l l  f l o c k s  between 

mid-October and mid-April ,  r a r e l y  t o  e a r l y  o r  mid-May. 
One a d u l t  male s e e n  4  J u l y  1977 a t  B i l l  Wil l iams D e l t a  
was unseasonal  . 

H a b i t a t :  Margins of a g r i c u l t u r a l  f i e l d s ,  r i p a r i a n  woodland. 
Food : Seeds. 

L e s s e r  Goldf inch ( C a r d u e l i s  p s a l t r i a )  
S t a t u s :  L o c a l l y  uncommon s p r i n g  and summer b reeder ;  f a i r l y  

common bu t  i r r e g u l a r  i n  w i n t e r .  For example, l a r g e  
f l o c k s  move i n t o  and o u t  of t h e  cottonwood-willow f o r e s t  
a t  B i l l  Will iams D e l t a  when t h e  t r e e s  f lower  i n  February  
and March, b u t  o n l y  a  few remain t h e r e  t o  breed.  

H a b i t a t :  R i p a r i a n  woodland, margins  of a g r i c u l t u r a l  f i e l d s ,  
c i t r u s  o r c h a r d s ,  human h a b i t a t i o n s .  

Breeding:  Usua l ly  n e s t s  i n  l a r g e  t r e e s  (e .g . ,  cottonwoods and 
wi l lows) .  4-5 eggs  p e r  c l u t c h .  Breeding season from 
April-August. 

Food : Seeds. 

Lawrence Goldf inch ( C a r d u e l i s  l a w r e n c e i )  
S t a t u s :  Highly i r r e g u l a r .  Uncommon t o  f a i r l y  common t r a n s i e n t  

and w i n t e r  r e s i d e n t  i n  f l o c k s  from October t o  A p r i l  
d u r i n g  f l i g h t  y e a r s ,  b u t  a b s e n t  i n  o t h e r  y e a r s .  Also a  
r a r e  b u t  p o s s i b l y  r e g u l a r  summer b reeder  l o c a l l y ;  
b reed ing  h a s  been confirmed a t  Parker  (1952) ,  n o r t h  o f  
Blythe  (1978) ,  and B i l l  Wil l iams D e l t a  (1978, 1979). 
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H a b i t a t :  Margins of a g r i c u l t u r a l  f i e l d s ,  r i p a r i a n  woodlands; 
a t t r a c t e d  t o  a r e a s  w i t h  inkweed (Suaeda t o r r e y a n a ) .  

Breeding: Usua l ly  n e s t s  i n  l a r g e  t r e e s .  3-6 eggs  p e r  c l u t c h .  
Breeds from Apr i l - Ju ly .  

Food : Seeds. 

Red C r o s s b i l l  (Loxia c u r v i r o s t r a )  
S t a t u s :  Casual v i s i t o r .  Recorded 23 August 1953 a t  P a r k e r  

( f l o c k  of 5 ) ,  16 November 1976 a t  B i l l  Wil l iams D e l t a ,  
20 December 1976 a t  P a r k e r  ( 2 ) ,  and 27 November 1979 
n e a r  Yuma. 

H a b i t a t :  T a l l  t r e e s .  
Food : Seeds. 

Green- ta i l ed  Towhee ( P i p i l o  c h l o r u r u s )  
S t a t u s :  F a i r l y  common t r a n s i e n t  and uncommon w i n t e r  r e s i d e n t ,  

w i t h  t h e  l a r g e s t  i n f l u x  o c c u r r i n g  i n  September and e a r l y  
October ,  and from mid-April t o  l a t e  May. Somewhat more 
numerous i n  t h e  s o u t h e r n  h a l f  of t h e  v a l l e y ,  e s p e c i a l l y  
i n  r e l a t i v e l y  mi ld  w i n t e r s .  

H a b i t a t :  R i p a r i a n  woodland, o t h e r  dense  b rush .  
Food : Various  seeds  and i n s e c t s .  

Rufous-sided Towhee ( P i p i l o  e ry th roph tha lmus)  
S t a t u s :  Uncommon w i n t e r  r e s i d e n t  from mid-September through l a t e  

March. 
H a b i t a t :  Dense r i p a r i a n  woodland, e s p e c i a l l y  wi l lows ,  o t h e r  dense  

b r u s h ,  marshes.  
Food : Mainly b e e t l e s ,  i n s e c t  l a r v a e ,  and some seeds .  

Abert  Towhee ( P i p i l o  a b e r t i )  
S t a t u s :  Common permanent r e s i d e n t  and b r e e d e r  throughout  t h e  

v a l l e y .  Often occurs  i n  s m a l l  f a m i l y  groups  from l a t e  
summer through e a r l y  w i n t e r .  Max: 594, 18 December 
1978, Parker  CBC. 

H a b i t a t :  Most r i p a r i a n  woodlands; l e s s  common i n  d e s e r t  washes,  
marshes ,  a g r i c u l t u r a l  and u rban  h a b i t a t s .  

Breeding: Nes t s  low i n  dense  sh rubs  o r  t r e e s .  Breeding a c t i v i t y  
b e g i n s  i n  l a t e  January  w i t h  young f l e d g i n g  between March 
and September. T h i s  s p e c i e s  i s  f r e q u e n t l y  p a r a s i t i z e d  
by Brown-headed Cowbirds. 

Food : Mainly b e e t l e s ,  s e e d s  and i n s e c t  l a r v a e  y e a r  round; 
g rasshoppers  and c i c a d a s  i n  summer. 

Lark Bunting (Calamospiza melancorys) 
S t a t u s :  Rare and i r r e g u l a r  t r a n s i e n t  o r  w f n t e r  v i s i t o r  from 

October through February.  S i n g l e  b i r d s  a r e  o f t e n  i n  t h e  
company of sparrows,  b u t  f l o c k s  have occur red  i n  some 
y e a r s .  Max: 450, 19 December 1951, west  of Lake 
Havasu. 

H a b i t a t :  A g r i c u l t u r a l  l a n d ,  d e s e r t  f l a t s .  
Food : Grasshoppers ,  o t h e r  i n s e c t s ,  and s e e d s .  



V e g e t a t i o n  Management - 137 

Savannah Sparrow ( P a s s e r c u l u s  sandwichens i s )  
S t a t u s :  Common t o  l o c a l l y a b u n d a n t w i n t e r  r e s i d e n t  from 

mid-September t o  mid-April.  F i r s t  i n d i v i d u a l s  a r r i v e  i n  
l a t e  August and a few l i n g e r  t o  mid-May. Max: 4965, 22 
December 1980, P a r k e r  CBC. 

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  e s p e c i a l l y  a l f a l f a ;  a l s o  marshes.  
Food : Mainly weed seeds ;  a l s o  i n s e c t  l a r v a e  and o t h e r  i n s e c t s .  

Grasshopper Sparrow (Ammodramus savannarum) 
S t a t u s :  Rare bu t  probably  r e g u l a r  t r a n s i e n t  and w i n t e r  r e s i d e n t  

from mid-October t o  mid-April o r  p o s s i b l y  e a r l y  May. 
T h i s  s p e c i e s  i s  ex t remely  s e c r e t i v e  and e a s i l y  
over looked.  

H a b i t a t :  A g r i c u l t u r a l  f i e l d s  and weedy margins .  
Food : Grasshoppers ,  b e e t l e s ,  i n s e c t  l a r v a e ,  and seeds .  

S h a r p - t a i l e d  Sparrow (Ammospiza caudacu ta )  
S t a t u s :  Casual  t r a n s i e n t .  One s e e n  29 March 1975 a t  West Pond. 
H a b i t a t :  Marshes. 
Food : I n s e c t s ,  l a r v a e ,  and seeds .  

Vesper Sparrow (Pooece tes  gramineus) 
S t a t u s :  Common w i n t e r  r e s i d e n t  from mid-September through 

mid-April.  I n i t i a l l y  a r r i v e s  i n  l a t e  August and may 
l i n g e r  t o  e a r l y  May. Max: 1064, 18 December 1978, 
P a r k e r  CBC. 

H a b i t a t :  Weedy a g r i c u l t u r a l  f i e l d s  and marg ins ,  s p a r s e  r i p a r i a n  
woodland, d e s e r t  f l a t s .  

Food: Mostly s e e d s ;  a few b e e t l e s  and bugs. 

Lark  Sparrow (Chondestes  grammacus) 
S t a t u s :  Uncommon t r a n s i e n t  and w i n t e r  r e s i d e n t  from l a t e  August - 

t o  May. A few remain t o  breed i n  summer i n  c i t r u s  
o r c h a r d s  a t  B ly the  and Yuma, and l o c a l l y  n e a r  P a r k e r .  
Max: 121, 23 December 1977, Parker  CBC. 

H a b i t a t :  Orchards f o r  b reed ing ;  a l s o  i n h a b i t e d  a r e a s ,  o t h e r  
a g r i c u l t u r a l  l and .  

Breeding: F i r s t  noted i n  1976 a t  Blythe .  Copula t ion  has  been 
observed i n  May and r e c e n t l y  f l e d g e d  young were no ted  i n  
June.  

Food : Mainly g r a s s h o p p e r s ,  o t h e r  i n s e c t s ,  and seeds .  

Cass in  Sparrow (Aimophila c a s s i n i i )  
S t a t u s :  Casual  v i s i t o r  o r  t r a n s i e n t .  A male was s i n g i n g  and 

"sky la rk ing"  n e a r  Pos t o n  26 A p r i l  1981. 
H a b i t a t :  Grassy f i e l d s ,  s p a r s e  mesqui te .  
Food: Var ious  seeds  and i n s e c t s .  

Black- throated Sparrow (Amphispiza b i l i n e a t a )  
S t a t u s :  Uncommon and l o c a l  s p r i n g  and summer b r e e d e r  from 

mid-February through A U ~ ~ S  t a long  t h e  s p a r s e r  p e r i p h e r y  
of t h e  v a l l e y .  A few m i g r a n t s  have been noted e lsewhere  
i n  September. Rare o r  i r r e g u l a r  i n  f a l l  and e a r l y  
w i n t e r  i n  t h e  immediate r i v e r  v a l l e y .  
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H a b i t a t :  Sparse  r i p a r i a n  woodland, d e s e r t  washes. 
Breeding: Singing males  appear  a t  b reed ing  s i t e s  i n  February;  

young f l e d g e  i n  May. Nes t s  on o r  n e a r  ground i n  d e s e r t  
s h r u b  o r  mesqui te .  

Food: Mainly s e e d s ;  some i n s e c t s  and l a r v a e .  

Sage Sparrow (Amphispiza b e l l i )  
Uncommon t o  l o c a l l y  f a i r l y  common w i n t e r  r e s i d e n t  from S t a t u s :  

H a b i t a t :  

Food: 

Dark-eyed Junco 
S t a t u s :  

H a b i t a t :  

Food : 

e a r l y  September t o  e a r l y  A p r i l .  Of ten  o c c u r s  i n  s m a l l  
f l o c k s .  
Honey mesqu i te  woodland o r  d e s e r t  wash w i t h  f l a t s  of 
inkweed (Suaeda t o r r e y a n a )  o r  s a l t  bush ( A t r i p l e x  spp . ) .  
Mainly s e e d s ;  some b e e t l e s ,  bugs ,  and g rasshoppers .  

(Junco hyemal is)  
Uncommon w i n t e r  r e s i d e n t  from mid-October t o  mid-April ,  
p r i m a r i l y  i n  smal l  f l o c k s .  T h i s  s p e c i e s  e x h i b i t s  marked 
geograph ic  v a r i a t i o n  and s e v e r a l  r a c e s  have been 
i d e n t i f i e d .  Among t h e s e  t h e  n o r t h w e s t e r n  r a c e s ,  "Oregon 
Juncos ,"  a r e  t h e  most numerous; t h e  more e a s t e r l y  
"Sla te-colored"  and Rocky Mountain "Pink-sided' '  forms 
a r e  r a r e  b u t  r e g u l a r  v i s i t o r s .  
R i p a r i a n  woodland, weedy margins  of a g r i c u l t u r a l  f i e l d s ,  
o t h e r  brush.  
Seeds ,  bugs ,  and o t h e r  i n s e c t s .  

Gray-headed Junco (Junco c a n i c e p s )  . 

S t a t u s :  Rare  but  r e g u l a r  t r a n s i e n t  and w i n t e r  v i s i t o r  i n  v e r y  
s m a l l  numbers from mid-October t o  e a r l y  A p r i l ,  and 
e x c e p t i o n a l l y  t o  11 May (1957) a t  C ibo la  Na t iona l  
W i l d l i f e  Refuge. Occas iona l ly  i n  mixed f l o c k s  w i t h  
o t h e r  juncos.  

H a b i t a t :  R i p a r i a n  woodland, b r u s h  n e a r  i n h a b i t e d  a r e a s ,  pa rks .  
Food: L ike  o t h e r  juncos. 

Tree  Sparrow ( S p i z e l l a  a r b o r e a )  
S t a t u s :  Casual  w i n t e r  v i s i t o r .  One s e e n  23 November 1968 a t  

Bard,  two s e e n  a t  a marsh s o u t h  of P a r k e r ,  11 February 
1977, and one seen  28 January  1981 a t  Hunte r ' s  Hole ,  
s o u t h  of Yuma. 

H a b i t a t :  Marsh-r ipar ian mix. 
Food: Mainly weed seeds .  

Chipping Sparrow ( S p i z e l l a  p a s s e r i n a )  
S t a t u s :  Uncommon t o  f a i r l y  common t r a n s i e n t  and w i n t e r  r e s i d e n t  

from l a t e  J u l y  t o  mid-May. Of ten  i n  s m a l l  f l o c k s  wi th  
o t h e r  sparrows. 

H a b i t a t :  R i p a r i a n  woodland, a g r i c u l t u r a l  marg ins ,  o t h e r  brush.  
Food : Mainly s e e d s ,  i n s e c t  l a r v a e ,  bugs ,  and o t h e r  i n s e c t s .  

Clay-colored Sparrow ( S p i z e l l a  p a l l i d a )  
S t a t u s :  Casual t r a n s i e n t .  One s e e n  i n  a mixed f l o c k ,  4 

September 1981 n e a r  P a r k e r  Dam. T h i s  s p e c i e s  i s  
r e g u l a r l y  recorded e l sewhere  i n  t h e  Sonthwest and may be  
over looked h e r e .  
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H a b i t a t :  Margins of a g r i c u l t u r a l  f i e l d s ,  o t h e r  brush.  
Food : Various  s e e d s  and i n s e c t s .  

Brewer Sparrow ( S p i z e l l a  b r e w e r i )  
S t a t u s :  Common w i n t e r  r e s i d e n t  from September t o  mid-April.  The 

f i r s t  m i g r a n t s  a r r i v e  i n  mid-August, and some l i n g e r  
r a r e l y  t o  l a t e  May. Of ten  i n  l a r g e  mixed f l o c k s  w i t h  
o t h e r  s p e c i e s  of sparrows.  

H a b i t a t :  Open r i p a r i a n  woodland, d e s e r t  wash, margins  of 
a g r i c u l t u r a l  f i e l d s .  

Food : Mainly s e e d s ,  i n s e c t  l a r v a e ,  bugs ,  and b e e t l e s .  

Black-chinned Sparrow ( S p i z e l l a  a t r o g u l a r i s )  
S t a t u s  : Casua l  t r a n s i e n t  o r  w i n t e r  v i s i t o r .  Three  r e c o r d s :  30 

August 1955 a t  I m p e r i a l  Dam, 17 December 1973 a t  M i t t r y  
Lake ( 3 ) ,  and September 1975 n o r t h  of Ehrenberg.  

H a b i t a t :  R i p a r i a n  b r u s h ,  d e s e r t  edge. 
Food : Various  i n s e c t s  and seeds .  

H a r r i s  Sparrow ( Z o n o t r i c h i a  q u e r u l a )  
S t a t u s :  Rare and i r r e g u l a r  w i n t e r  v i s i t o r .  Recorded from 

October through A p r i l .  Occurs i n d i v i d u a l l y  i n  l a r g e  
f l o c k s  of White-crowned Sparrows. 

H a b i t a t :  Margins of a g r i c u l t u r a l  f i e l d s ,  r i p a r i a n  brush.  
Food : Mainly weed seeds .  

S t a t u s :  
White-crowned Sparrow ( Z o n o t r i c h i a  l eucophrys )  

Abundant w i n t e r  r e s i d e n t  from l a t e  September t o  e a r l y  

H a b i t a t :  

Food : 

Golden-crowned 
S t a t u s :  

H a b i t a t :  

Food : 

White-throated 
S t a t u s :  

H a b i t a t  : 

Food: 

A p r i l .  Numbers b u i l d  s lowly  i n  e a r l y  September and 
d e c r e a s e  i n  A p r i l  and May. Migran t s  i n  May and 
September a r e  da rk- lo red ,  whereas whi te - lo red  
i n d i v i d u a l s  comprise  t h e  l a r g e  w i n t e r i n g  f l o c k s .  An 
unseasona l  b i r d  a t  Parker  8 J u l y  1978 had w h i t e  l o r e s .  
Max: 19,529,  22 December 1980, P a r k e r  CBC. 
Widespread i n  r i p a r i a n  and a g r i c u l t u r a l  h a b i t a t s ;  a l s o  
i n  marshes ,  d e s e r t  and urban a r e a s .  
Seeds ,  o t h e r  p l a n t  m a t e r i a l s ,  a n t s ,  o t h e r  i n s e c t s  and 
l a r v a e .  

Sparrow ( Z o n o t r i c h i a  a t r i c a p i l l a )  
Rare t o  uncommon w i n t e r  r e s i d e n t ,  o c c u r r i n g  s i n g l y  i n  
l a r g e  f l o c k s  of White-crowned ~ ~ a r r o w s ,  from ~ c t o b e r  t o  
e a r l y  May. Immatures a r e  e a s i l y  over looked due t o  t h e i r  
resemblance t o  immature White-crowned Sparrows. 
Mostly i n  s p a r s e  r i p a r i a n  and d e s e r t  h a b i t a t s ,  b u t  may 
be anywhere White-crowned Sparrows occur .  
Seeds and o t h e r  p l a n t  materials. 

Sparrow ( Z o n o t r i c h i a  a l b i c o l l i s )  
Rare bu t  r e g u l a r  w i n t e r  r e s i d e n t  from October  t o  e a r l y  
May. Usua l ly  i n  f l o c k s  of White-crowned Sparrows o r  
juncos.  
Usua l ly  i n  dense  o r  marshy r i p a r i a n  a r e a s ;  a l s o  
i n h a b i t e d  a r e a s ,  margins  of a g r i c u l t u r a l  f i e l d s .  
Mainly s e e d s ,  a n t s ,  b e e t l e s ,  b u g s ,  and i n s e c t  l a r v a e .  
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Fox Sparrow ( P a s s e r e l l a  i l i a c a )  
Rare but  r e g u l a r  t r a n s i e n t  o r  w i n t e r  r e s i d e n t  from S t a t u s :  

H a b i t a t :  

Food : 

Linco ln  Sparrow 
S t a t u s :  

H a b i t a t :  
Food: 

mid-september t o  e a r l y  A p r i l .  
Dense o r  marshy r i p a r i a n  woodland; a l s o  i n h a b i t e d  a r e a s ,  
e s p e c i a l l y  w i t h  f e e d e r s .  
Weed s e e d s ,  f r u i t ,  and some i n s e c t s .  

(Melospiza l i n c o l n i i )  
Common w i n t e r  r e s i d e n t  from September through March. 
Lesse r  numbers occur  i n  l a t e  August and a g a i n  from A p r i l  
i n t o  e a r l y  May. 
Dense r i p a r i a n  woodland, marshes ,  a g r i c u l t u r a l  margins .  
Mainly s e e d s ,  bugs ,  f l i e s ,  and s p i d e r s .  

Swamp Sparrow (Melospiza g e o r g i a n a )  
S t a t u s :  L o c a l l y  uncommon w i n t e r  r e s i d e n t  from November t o  

mid-Apr il . 
H a b i t a t :  Marshes, wet r i p a r i a n  groves .  
Food : Mainly b e e t l e s ,  wasps,  and seeds .  

Song Sparrow (Melospiza melodia)  
Common y e a r  round; l o c a l  a s  a  s p r i n g  and summer b r e e d e r ,  S t a t u s :  

H a b i t a t :  

Breeding: 

Food : 

McCown Longspur 
S t a t u s :  

H a b i t a t :  
Food : 

more widespread i n  w i n t e r  and d u r i n g  m i g r a t i o n s .  
R e s t r i c t e d  t o  marshes and f looded  r i p a r i a n  woods f o r  
breeding;  a l s o  i n  o t h e r  dense  r i p a r i a n  and a g r i c u l t u r a l  
h a b i t a t s  a t  o t h e r  t imes .  
Nests n e a r  ground i n  marsh v e g e t a t i o n  o r  s h r u b ,  u s u a l l y  
above water .  Breeding b e g i n s  i n  February;  young f l e d g e  
from May through J u l y .  
Mainly i n s e c t  l a r v a e ,  b e e t l e s ,  e a r w i g s ,  and seeds .  

( C a l c a r i u s  mccownii) 
Casual w i n t e r  v i s i t o r .  One record  of two b i r d s  s e e n  
a long  lower B i l l  ~ i l l i a m s  River  24 December 1978. 
A g r i c u l t u r a l  f i e l d s .  
Seeds. 

Lapland Longspur ( C a l c a r i u s  l a p p o n i c u s )  
S t a t u s :  Rare and i r r e g u l a r  t r a n s i e n t  and w i n t e r  v i s i t o r  from 

November t o  e a r l y  March. Usua l ly  found i n  f l o c k s  of 
Horned Larks .  

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  e s p e c i a l l y  t h o s e  r e c e n t l y  plowed. 
Food : Seeds. 

Ches tnu t -co l l a red  Longspur ( C a l c a r i u s  o r n a t u s )  
S t a t u s :  Rare o r  i r r e g u l a r l y  uncommon w i n t e r  r e s i d e n t  from l a t e  

October t o  e a r l y  A p r i l .  Occurs p r i m a r i l y  a s  s i n g l e s  o r  
i n  smal l  groups  w i t h  l a r k s  and p i p i t s .  

H a b i t a t :  A g r i c u l t u r a l  f i e l d s ,  e s p e c i a l l y  d r y  Bermuda g r a s s .  
Food : Seeds. 
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B I R D S  U S I N G  LOWER COLORADO R I V E R  

Spec ies  H a b i t a t  J F M A M J J A S 0 N D 

..................... Common Loon 0 ---1111 

A r c t i c  Loon 

Red-throated Loon 

Red-necked Grebe 

Horned Grebe 

Eared Grebe 

Leas t  Grebe* 

Western Grebe* 

P i e d - b i l l e d  Grebe* 

Lays an  A l b a t r o s s  

MRO 

L e a s t  Storm-Petre l  0 . 
S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 



Vege ta t ion  Management - 142 

Spec ies  H a b i t a t  J F M A M J J A S 0 N D 

Leach Storm-Petre l  0 o 

White P e l i c a n  

Brown P e l i c a n  

OR 

OR ................................. I...... b . . . .  

....... Blue-footed Booby 0 ....................... 

.................................................... Brown Booby 0 e 

Double-crested 
Cormorant * 

Olivaceous  Cormorant R ..?.. 0. 6. . 

Magni f i cen t  F r i g a t e b i r d  OR ------- 

Great  Blue Heron* W 

Green Heron* VRM 

L i t t l e  Blue Heron AM o 

C a t t l e  Egret  AR I I I I I I I I I  

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
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Spec ies  H a b i t a t  J F M A 1.1 J J A S 0 1.1 D 

R e d d i s h  Egret  R . . . . . ..'.'..'a .a . . . . . . . . . . . . .  

Great Egret* VMRA 

Snowy Egret*  VRM 

Louis iana  Heron RM * - - . a  

r 

Black-crowned Nieht - -  - -  " 
Heron* VMR 

Yellow-crowned Night 
Heron RM 

Leas t  B i t t e r n *  

American B i t t e r n  M -I- --"' - e  - 
Wood S t o r k  MA 

White-faced I b i s  RMA 

White I b i s  RM 

Specfes  H a b i t a t  J F M A M J J A S 0 N D 
- --- 
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S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
- 

Roseate Spoonbil l  

'Vhist l i n g  Swan 

Canada Goose 

Brant 

....... White-fronted Goose RA 

Snow Goose 

Ross Goose 

Mallard 

Gadwall* 

P i n t a i l  

Green-winged Teal  

PA: i I... 

Spec ies  Habi ta t  J F M A M J J A S 0 N D 
-- - 
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S p e c i e s  H a b i t a t  J F M A M J J A S O N D 

- ---- - 

Blue-winged Teal  

Cinnamon Teal * 

European Wigeon 

American Wigeon 

Northern Shoveler 

Wood Duck 

RAM 

Redhead* RO 

Ring-necked Duck RO 

Canvasback RO 

G r e a t e r  Scaup RO 

Lesse r  Scaup RO 

Common Goldeneye RO 

Spec ies  H a b i t a t  J F M A M J J A S 0 N D 
- 

P. 
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S p e c i e s  H a b i t a t  J F !I A M J J A S 0 N D 

-- A-- - - p-- 

Barrow Goldeneye RO 

....... Buff lehead RO - 
Oldsquaw OR - - - - - - - 

................... White-winged S c o t e r  OR 

Surf Scoter  OR 

............... Black Sco te r  R 

Ruddy Duck* 

Hooded Merganser 

Common Merganser 

Red-breasted Merganser 

Turkey Vul ture* 

Black Vul tu re  

MRO 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
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- - 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
-- ------ 

White- ta i led  K i t e  A 

Goshawk V 

Sharp-shinned Hawk VA 

Cooper Hawk* VA 

Red-ta i led  Hawk* VAD 

Red-shouldered Hawk V 

Broad-wing ed Hawk V 

Swainson Hawk AV m 

, . .. 
Zone- ta i led  Hawk* V 

Whi te - t a i l ed  Hawk RV, . -+ 

Rough-legged Hawk AV 

Fer rug inous  Hawk A- 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

--- - 



Vegetation Management - 148 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

Ha r r i s  Hawk* 

Black Hawk 

Golden Eagle 

Ba ld  Eagle 

Marsh Hawk 

Osprey 

Caracara 

P r a i r i e  Falcon 

Peregr ine  Falcon* 

Merlin 

MVA 

RMA ----------........ .... ----------------- 

Gambel Quail* 

S p e c i e s  Habitat  J F M A M J J A S 0 N D 

- --- - 
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S p e c i e s  H a b i t a t  J F M A M J J A S  0 N D 

Ring-necked Pheasant A 

S a n d h i l l  Crane I - 
Clapper  R a i l *  M 

V i r g i n i a  R a i l *  

Sora 

Black R a i l *  M 

Common G a l l i n u l e *  M 

American Coot * MOR 

Semipalmated P lover  AR - - 
Pip ing  P lover  

K i l l d e e r *  

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
---_ _ 

------.- 
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S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
- --  - - - -- - -- 

Mountain P love r  A -  - 
American Golden P l o v e r  AR 

B l a c k - b e l l i e d  P love r  AR 

Ruddy Turns tone  

Black  T u r n s t o n e  

Common Snipe  RMVA - e- 

Long-bi l led  Curlew RA - 
Whimbrel RA __.II __II)_ 

Upland Sandp ipe r  AR 

S p o t t e d  Sandp ipe r  RM 

S o l i t a r y  Sandp ipe r  RA 

G r e a t e r  Ye l lowlegs  RA 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
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---- - - 

S p e c i e s  H a b i t a t  .I F M A M J J A S 0 N D 
----- --- - 

L e s s e r  Yel lowlegs  

W i l l e t  

Red Knot 

P e c t o r a l  Sandp ipe r  

B a i r d  Sandpipc r 

L e a s t  Sandp ipe r  

Semipalmated Sandp ipe r  

Western Sandp ipe r  

S a n d e r l i n g  

S h o r t - b i l l e d  Dowitcher  

Long-bi l led  Dowitcher  

RMA 

R 

RMA 

RMA 

RMA 

RA 

RMA 

RMA 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
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-- 

Spec i c s  H a b i t < l t  J F M A M J J A S O N D 

S t i l t  Sandpiper RA 

Black-necked S t i l t *  MRA 

Red Phalarope OR 

Wilson Phalarope RA 

Northern  Phalarope OR 

Pomarine Jaeger  0 

Marbled Godwi t 

American Avocet 

Long-tai led J a e g e r  0 

P a r a s i t i c  Jaeger  0 

Glaucous-winged Gul l  OR .... 9 : P  

Western Gul l  0 

Spec ies  H a b i t a t  J F M A M J J A S 0 N D 
-- - .- - -- 
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-- .- 

Spec ies  H a b i t a t  J F M A M J J A S O N D 

Herring G u l l  

Thayer Gul l  

C a l i f o r n i a  G u l l  

R ing-b i l l ed  Gul l  

Mew Gul l  

Black-headed Gul l  

Laughing Gul l  

F r a n k l i n  Gul l  

Bonaparte Gul l  

Heermann Gul l  

ORA 

ORA 

OR 0 *-• 

Black-legged Ki t t iwake  0 - * - - - *  . 

Sabine  G u l l  OR 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

-- ----- 



G u l l - b i l l e d  Tern  

F o r s t e r  Tern 

Common Te rn  

L e a s t  T e r n  

Casp ian  Te rn  

B lack  Te rn  

B lack  Skimmer 

Band- t a i l ed  P igeon 

Rock Dove* 

White-winged Dove* 

RMA 

Mourning Dove* VA L' 

Common Ground Dove* V.r\ 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

_ _ _ . --- - - - - . - - -- - - - 
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- - - - - - - 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

- - - - - - - 

Inca  Dove* 

Yel low-bi l led  Cuckoo* 

Roadrunner* 

Barn Owl*  

Screech Owl*  

....... Flammulated O w l  V 

Grea t  Horned Owl* VD 

E l f  Owl* 

Burrowing Owl*  

Long-eared Owl* 

Shor t -eared O w l  

Saw-whe t O w l  

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

---- -- - 
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--- - - 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

- - - - - - - 

Common Nighthawk 

L e s s e r  Nighthawk* 

Black  Swi f t  

Chimney S w i f t  

Vaux S w i f t  

Whi t e - th roa t ed  S w i f t *  DR 

B lac  k-chinned 
Hummingbird* 

Cos ta  Hummingbird* 

Anna Hummingbird* 

B r o a d - t a i l e d  Hummingbird V 

Ruf ous  Hummingbird 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

- ------- 
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- - -- -- -- -- - - 

S p e c i e s  H a b i t a t  J F M A M .J J A S 0 N D 

Common F l i c k e r *  

G i l a  Woodpecker* 

Acorn Woodpecker 

- 

Allen  Hummingbird W 

C a l l i o p e  Hummingbird V 

Broad-bi l led  Hummingbird V 

Be1 t ed  K i n g f i s h e r  ~ i . 1  

M 

VD 

v 

Lewis Woodpecker 

Yel low-bel l ied  
Sapsucker 

Will iamson Sapsucker V 

Ladder-bac ked 
Woodpecker* 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

_ __- _ _ -_-- - - - 
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- -- 

S p e c i e s  H a b i t a t  .I F M A M J J A S 0 N D 
-- - - -- - - - - --.- - 

Eas te rn  Kingbird 

T r o p i c a l  Kingbird 

Western Kingbird* AV 

Cass in  Kingbird AV 

Thick-b i l l ed  Kingbird  ' V 

S c i s s o r - t a i l e d  
F l y c a t c h e r  

Wied Cres ted  F l y c a t c h e r *  V 

Ash-throated F l y c a t c h e r *  VD 

Olivaceous  F l y c a t c h e r  

E a s t e r n  Phoebe 

Black Phoebe* 

Say Phoebe* 

v 

VR 

AVD 
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-- --- ---- - 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
- -. -- - 

Willow F l y c a t c h e r  

Hanrnond F l y c a t c h e r  

Dusky F l y c a t c h e r  

Gray F l y c a t c h e r  

Western F l y c a t c h e r  

Coues F l y c a t c h e r  

Western Wood Pewee 

Ol ive - s ided  F l y c a t c h e r  

-- 

Vermil ion F l y c a t c h e r *  AV 

Horned Lark* 

Viole t -green Swallow* 

Tree  Swallow 

--- 

S p e c i e s  H a b i t a t  J F  M A M J J A S 0 N D 

- -- 
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S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

Bank Swa1l .o~ 

Rough-winged Swallow* 

Barn Swallow 

C l i f f  Swallow* 

P u r p l e  Mar t in  

S t e l l e r  Jay 

Sc rub  J a y  

Common Raven* 

Common Crow 

Pinyon J a y  

C l a r k  Nu tc racke r  

Mounta in  Chickadee 

RM 

Ri'l 

RMA 

RMA 

S p e c i e s  H a b i t a t J  F M A M  J J A S 0 N D 

- -  
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S p e c i e s  H a b i t a t  J F M A M J J A S 0 M D 

Br id led  Titmouse 

Verdin* 

B u s h t i t  

White-breasted Nuthatch V .............. 

Red-breasted Nuthatch v -------- 

Pygmy Nuthatch 

Brown Creeper  

Dipper 

House Wren 

Winter Wren 

Bewick Wren* 

Cac tus  Wren* 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

---- 
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Spec ies  H a b i t a t  J F M A M J J A S 0 N D 

Long-bil led Marsh Wren* 

Canyon Wren* 

Rock Wren* 

Northern Mockingbird* 

Gray Ca tb i rd  

Brown Thrasher  

Bend i r e  Thrasher  

MV 

D 

D 

VAU 

v 

Le Conte Thrasher  

Curve-bi l led  Thrasher  VD ----, 

C r i s s a l  Thrasher* 

Sage Thrasher  VD 

American Robin* 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
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Spec ies  Habi ta t  J F M A M .I J A S 0 N D 

Ruf ous-backed Rob i n  

Varied Thrush 

Hermit Thrush 

Swainson Thrush 

Western Bluebird  

Mountain Bluebird  

Townsend S o l i t a i r e  

Blue-gray Gna tca tcher  I - 
Black- ta i l ed  

Gnatcatcher* 

Golden-crowned K i n g l e t  V . ---- 

Ruby-crowned K i n g l e t  
W- 

S p e c i e s  Habi ta t  J F M A M J J A S 0 N D 

- ------ - 
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S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

- - 

Water P i p i t  

Sprague P i p i t  

Bohemian Waxwing 

Cedar Waxwing 

Phainopepla* 

Northern  S h r i k e  

S t a r l i n g *  

W 

W 

VD 

AV 

Loggerhead Shr ike*  MA 

UVADM 

Hutton Vireo 

B e l l  Vireo* 

Gray Vireo 

Yel low-throated Vireo 

S p e c i e s  H a b i t a t  J F M A M J J A S  O N D 

-- 
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Spec ies  H a b i t a t  J F M A M J J A S 0 N D 

--- 

S o l i t a r y  Vireo W- 

Red-eyed Vireo V . . . . . . . . . 

P h i l a d e l p h i a  Vireo V 

Warbling Vireo 

Black-and-white Warbler V ----- ---- - - 

Pro thonota ry  Warbler 

Worm-eating Warbler 

Golden-winged Warbler V 

- 
Blue-winged Warbler V 

Orange-crowned Warbler V d- 

N a s h v i l l e  Warbler 

V i r g i n i a  Warbler 

S p e c i e s  H a b i t a t  J F M- A M J J A S 0 N D 

p- 
- - - -  
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Spec ies  

- 

H a b i t a t  J F M A I4 J J A S 0 N D 

Lucy Warbler* 

Northern  Paru la  

Yellow Warbler 

Magnolia Warbler 

Cape May Warbler 

Black- throated 
Blue Warbler 

Black- throated 
Gray Warbler 

Townsend Warbler 

Black- throated 
Green Warbler 

Hermit Warbler 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

-- - -- 
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- - - - A - - - -- 

Species Habitat  J F M A M J J A S 0 N D 

Grace Warbler V 

Chestnut -sided Warbler V 

Bay-breasted Warbler V 

Blackpoll  Warbler 

Palm Warbler 

Ovenbird V 0 0  

Northern Waterthrush MV -----,----- 

Louisiana Waterthrush V 0- -0 

Kentucky Warbler V 

MacGillivray Warbler V I - * .  

Common Yellowthroat* M V 

Yellow-breasted Chat* V 

Species  Habitat  J F M A M J J A S 0 N D 

__--- 
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-- - - - - - - - - - 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

p-- 

Red-faced Warbler  

Hooded Warbler  

Wilson Warbler  

American R e d s t a r t  

P a i n t e d  R e d s t a r t  

House Sparrow* 

Bobo l ink  

E a s t e r n  Meadowlark 

Wes te rn  Meadowlark* A 

Yellow-headed B lackb i rd*  ?Li: 

Red-winged B lackb i rd*  MA 

Orchard  O r i o l e  

- 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
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-- 

Spec  l e s  H a b i t a t  J F M A M J I A S 0 N D 

- - 

Hooded Or io le*  

Northern O r i o l e *  

S c o t t  O r i o l e  

Rusty Blackbird  

Brewer Blackbird  AUV 

G r e a t - t a i l e d  Grackle* L A L  

Common Grackle  AV (. . .. 

Brown-headed Cowbird* VAU 

Bronzed Cowbird* 

Western Tanager 

S c a r l e t  Tanager 

Hepa t i c  Tanager 

Spec ies  H a b i t a t  J F M A M J J A S  0 N D 

- - 
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S p e c i e s  H a b i t a t  J F M A M J J A S O N D 

- - -- 

Summer Tanager* V 

C a r d i n a l *  V 

P y r r h u l o x i a  VD 

Rose-breas ted  Grosbeak V 

Black-headed Grosbeak W 

Blue Grosbeak* 

I n d i g o  Bunt ing* 

L a z u l i  Bunt ing  

Var ied  Bun t ing  

P a i n t e d  Bun t ing  

D i c k c i s s e l  

Evening Grosbeak 

VMA 

v 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

- - - - - - 
--A- 
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-- 

S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 

-- -- - - . 

P u r p l e  F i n c h  

C a s s i n  F i n c h  

House F inch*  VDAU 

P i n e  S i s k i n  V 1 1 1 1 1 - - - -  I H . .  

Amer ican  G o l d f i n c h  VA 1-7- I 

L e s s e r  G o l d f i n c h *  V 

Lawrence  G o l d f i n c h *  V I I I D ~ I I I - - - - - - -  - - - I W W I H -  

Red C r o s s b i l l  W oo 

G r e e n - t a i l e d  Towhee - - I 
Ruf o u s - s i d e d  Towhee 'J - I 
A b e r t  Towhee* 

La rk  B u n t i n g  

S p e c i e s  H a b i t a t  J F  M A M J J A S 0 N D 

--- 
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. - -. -- - 

S p e c i e s  H a b i t a t J  F M A M J J A S 0 N D 
-- 

Sa .~annah  S p a r r o w  

Gras shoppe r  Sparrow A 

S h a r p - t a i l e d  Sparrow M 0 

Vesper Spar row 

Lark  Sparrow* 

C a s s i n  Spar row V 

B l a c k - t h r o a t e d  Sparrow* D --- -.-----a- 

Sage  Spar row VD - 
Dark-=eyed Junco  VA I , 

Gray-headed Junco  V A 

VM T r e e  Sparrow 0 0  

Chipp ing  Spar row VA - -- 
S p e c i e s  H a b i t a t  J F M A M J J A S 0 N D 
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- --- - - - 

S p e c i e s  H a b i t a t  J F M A M J J A S (1 N L) 

---- A --- - 

Brewer Sparrow 

Black-chinned Spar row VD 

H a r r i s  Sparrow 

White-crowned Spar row M A U  I 
Golden-crowned Spar row M A  

Whi t e - th roa t ed  Spar row VA 

Fox Spar row VM 

L i n c o l n  Sparrow 

Swamp Sparrow 

Song Spar row 

McCown Long s p u r  

Lap land  Long s p u r  

MVA 

C h e s t n u t - c o l l a r e d  
Long s p u r  A 
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CHAPTER 5 

AVIAN USE OF RIPARIAN VEGETATION 

INTRODUCTION 

The conclusions regarding management of riparian communities for birds 
were derived from monthly censuses for four consecutive years (1976 to 
1979) in all major riparian vegetation types along the lower Colorado 
River. Censusing data were supported by three years (1978 to spring 
1981) of work involving vegetation manipulation that included 
revegetation plots designed to satisfy the habitat needs of some of the 
most sensitive or lowest density species in the lower Colorado River 
valley. Other data sets such as food habits, foraging behavior, and 
individual species studies are included to aid land managers in making 
habitat management decisions. In all, 84 months of continuous data 
collection on birds were used in compiling the information in this 
chapter and the attendant management conclusions. 

Even with a large data base, incomplete analysis could lead to erroneous 
conclusions. To avoid this problem we have analyzed the data in several 
different ways and used the information from the revegetation plots to 
confirm or refute our conclusions. As an aid to understanding and 
following the analyses, which may at times seem complex, we have 
provided a description in Figure 5-1. 

Management conclusions are based on the associations between each of 
nine avian community components and sixteen riparian vegetation 
characteristics. Avian community components are species or groups of 
species that tend to have similar vegetation and seasonal relationships. 
First, we present a summary of characteristics of vegetation most highly 
associated with avian use. This step introduces the reader to the 
vegetation variables and provides the first insight into how management 
might proceed. The next step is to show seasonal variation in 
vegetation use, again disregarding differences between avian variables 
and annual variation. This illustrates the distinct seasonal variation 
in habitat use by birds. Next we indicate differences in association 
with the vegetation among the various avian components. At this point 
we arrive at some tentative management conclusions. The conclusions are 
basically accurate in identifying vegetation characteristics to be 
enhanced in order to increase bird populations, but the picture is 
complex and it is not clear how to overcome problems caused by seasonal 
shifts in avian habitat preference. Some habitats are extremely 
important to some bird species during certain seasons and may not be 
heavily used during other seasons. Unfortunately we cannot move 
habitats in and out of an area between seasons in order to accommodate 
seasonal changes in preferences by birds. 

The range, average, and standard deviation of correlation coefficients, 
disregarding seasonal variation, indicate the average strength and 
variability of the association between each avian variable and the 
vegetation. This is important because if the response of a particular 
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General  p a t t e r n s  of v e g e t a t i o n  
u s e  by a l l  g u i l d s  a c r o s s  a l l  

s e a s o n s  f o r  f o u r  y e a r s  
I 
I 
I 
I 
I 
I 

P a t t e r n  by------------------------ -------------- > I <  Seasona l  p a t t e r n s  
i n d i v i d u a l  

g u i l d s  
v 

Summary and t e n t a t i v e  
management c o n c l u s i o n  

1 
Average c o r r e l a t i o n  

I 
c o e f f i c i e n t s  by------------------- 

I  
Year Season Gui ld  

> I 
I 
v 

M o d i f i c a t i o n  t o  management 
c o n c l u s i o n s  I 

I  
S e p a r a t i o n  of i n t e r c o r r e l a t e d  

I 
I 

v a r i a b l e s  w i t h  evidence from: 
R i p a r i a n  Revege t a t i o n  

I 

v e g e t a t i o n  s i t e s  
I 
I 

I I I 
I  I .................... I 

i 
v 

M o d i f i c a t i o n  t o  management 
c o n c l u s i o n s  I1 

Bird-Vegeta t ion r e l a t i o n s  
I 

on r e v e g e t a t i o n  sites------------- 
I 

> I 
I 
v 

F i n a l  management c o n c l u s i o n s  

F igure  5-1. Flow diagram showing t h e  s t e p s  invo lved  i n  r e a c h i n g  
recommendations f o r  managing h a b i t a t s  f o r  enhancement of 
b i r d s .  
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bird species or group of species to some aspect of vegetation is 
consistently strong, as indicated by a high average coefficient of 
correlation and low variance, the needs of this group must be provided 
with relative precision. On the other hand, those avian groups with low 
average coefficients of correlation and high variances have more general 
associations with vegetation, although each species within a group may 
have fairly explicit associations with vegetation. 

This analysis of avian correlations with vegetation is repeated for 
seasons, disregarding variation introduced by different avian groups. 
This is important because in a given season if all species composing a 
group react to the same element of the vegetation (species overlap is 
high), the coefficient of correlation is likely to be much higher than 
if each species reacts to a different aspect of the vegetation (species 
overlap is low). The mean coefficient of variation for a given season 
is higher in groups in which all bird species react to the same element 
of the vegetation. This analysis is supplemented with conclusions from 
previous reports. 

Finally, the mean coefficients of correlation and their associated 
variances from year to year are presented. If more members of an avian 
group share habitat preferences for more than one season (i.e., they 
have more habitat overlaps across seasons), the mean correlation 
coefficients will be higher. If several groups show this response, the 
mean for the year will be higher. At this point, tentative management 
recommendations are modified. 

Since the vegetation variables used in the analysis are really principal 
components (see Methods), each including several intercorrelated 
vegetation variables, it may be unclear precisely with which vegetation 
characteristics the birds are associated. Of course, the more 
complicated the network of variables that seem to attract birds, the 
more complicated the actual management procedures become. Significant 
progress in understanding groups of intercorrelated variables was 
possible using data from sites where the vegetation was manipulated in 
various ways. These results are potentially important because they 
further narrow the range of variables to which birds are particularly 
attracted. This knowledge can simplify management efforts. 

Finally, the association between the vegetation and each avian group on 
the manipulated sites was considered. This analysis was made within the 
context of variation found within riparian vegetation in general. Final 
management recommendations were made on the basis of refinements arrived 
at through this analysis. 

The included information should be used in making' management decisions 
and designing enhancement projects. If predictions concerning the 
outcome of habitat modifications are desired, the predictive model that 
we have developed should be used (Rice et al. 1982). 
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METHODS 

Avian Variables 

Nine variables were used to describe the avian community: (1) total 
species richness (TSP), (2) number of species of permanent resident 
insectivores (SPRI), (3) number of species of visiting insectivores 
(SVI), (4) density of permanent resident insectivores (DPRI), (5) 
density of visiting insectivores (DVI), (6) density of Gambel Quail 
(DGQ), (7) density of doves (DO), (8) density of passerine granivores 
(DGR), and (9) density of frugivorous species (DFR). These categories 
represent the major avian components of the riparian vegetation system 
we studied. Another group might have included hawks and owls, but 
density data for birds of prey were so scanty that few, if any, valid 
conclusions concerning their associations with the vegetation could have 
been reached. The number of species of doves, passerine granivores, and 
frugivores was not analyzed because, although densities of these groups 
varied substantially from one vegetation type to another, the number of 
species varied little. 

There are some potential dangers associated with analyzing avian groups 
such as those described above, especially in determining density 
associations with vegetation. First, if the density of one bird species 
was much greater than that of other species, the analysis is likely to 
reflect vegetation associations of dominant species rather than of the 
group. However, if the distributions of the various species were highly 
intercorrelated, this should not be a problem. 

Second, when one or two bird species were numerically much more abundant 
than one or more other species, management recommendations based on 
analysis of entire groups could lead to elimination of the scarcer 
species, unless their distribution was positively correlated with the 
abundant species. This problem was avoided by considering species 
richness as well as densities. Management recommendations made with the 
aim of maximizing species richness as well as densities should decrease 
the likelihood of eliminating scarce species. 

Gambel Quail and doves were often present in relatively large densities, 
but the two species had different habitat preferences. Analysis of 
census data for these two species was done separately from one another 
and from other granivores. Densities of passerine granivorous species 
were considered as a single group because only a small number of 
granivorous species occurred in any one vegetation type, and this number 
was fairly constant across all vegetation types. Since many granivorous 
species reach maximum densities in agricultural land and occur only 
occasionally in riparian vegetation, a clear characterization of habitat 
associations was difficult. 

Vegetation Variables 

The 16 vegetation variables included foliage density and patchiness at 
0.2-0.6 m, 1.5-3.0 m, >4.5 m, and total; FHD; and n/acre of shrubs, 
honey mesquite, honey mesquite with mistletoe, screwbean mesquite, 
cottonwood and willow; and proportion of total trees which were salt 
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c e d a r  ( s e e  Chapter 8 ,  Table  8-3). Many of t h e s e  were i n t e r c o r r e l a t e d ;  
i .e . ,  a s  t h e  v a l u e  of one v a r i a b l e  i n c r e a s e d ,  t h e r e  were p a r a l l e l  
i n c r e a s e s  i n  o t h e r  v a r i a b l e s .  Th i s  can confound a t t e m p t s  t o  e v a l u a t e  
a v i a n  response t o  each s e p a r a t e  v a r i a b l e .  T h i s  problem was overcome by 
u s i n g  p r i n c i p a l  components a n a l y s i s  (PCA) of t h e  v e g e t a t i o n  d a t a .  

PCA reduces  a  l a r g e  s e t  of i n t e r c o r r e l a t e d  v a r i a b l e s  t o  a  s e t  of 
u n c o r r e l a t e d  components. These components a r e  e s s e n t i a l l y  a new s e t  of 
de r ived  v a r i a b l e s  t h a t  a r e  s t a t i s t i c a l l y  independent  of each o t h e r .  
Although each  of t h e  d e r i v e d  components i s  o f t e n  more complex t h a n  any 
s i n g l e  v a r i a b l e  from t h e  o r i g i n a l  s e t ,  i t  i s  u s u a l l y  r e a d i l y  
i n t e r p r e t e d .  Each h a b i t a t  type was g iven  a  s i n g l e  v a l u e  f o r  each 
d e r i v e d  v a r i a b l e ;  t h u s ,  t h e  p r i n c i p a l  components (PC's) cou ld  be used a s  
cont inuous  v a r i a b l e s  i n  subsequent  a n a l y s e s .  

With PCA each v e g e t a t i o n  type r e c e i v e s  a  f a c t o r  s c o r e  on each PC. The 
v a r i a n c e  exp la ined  by each  PC = C F S ~ ,  where FS i s  t h e  f a c t o r  s c o r e  f o r  
each  v a r i a b l e  on a  g iven  PC. The v a r i a b l e s  w i t h  t h e  h i g h e s t  f a c t o r  
s c o r e s  on each PC a r e  used t o  d e f i n e  t h a t  PC, which may be cons idered  a  
newly d e r i v e d  v a r i a b l e .  The d e r i v e d  v a r i a b l e s  from t h e  PCA were: ( 1 )  
t h e  f i r s t  PC was d e f i n e d  a s  number of cottonwood-willow t r e e s  and 
f o l i a g e  d e n s i t y  and d i v e r s i t y  ( D D ) ;  ( 2 )  PC 2 p o s i t i v e  was d e f i n e d  a s  
d e n s i t y  and p r o p o r t i o n  (number SC d i v i d e d  by t o t a l  t r e e s  p r e s e n t )  of 
s a l t  cedar  (SC and PSC) p r e s e n t ;  ( 3 )  PC 2 n e g a t i v e  was d e f i n e d  a s  number 
of honey mesqu i te ,  honey mesqui te  t r e e s  w i t h  m i s t l e t o e ,  and shrubs  (HS)  
p e r  a c r e ;  ( 4 )  PC 3 was d e f i n e d  a s  f o l i a g e  d e n s i t y  and d i v e r s i t y  a t  0  t o  
0.6 m (0  t o  2 f t ;  DL 0-0.6 m); and ( 5 )  t h e  f o u r t h  PC was d e f i n e d  a s  
number of screwbean mesqui te  t r e e s  (SB) per  a c r e .  F a m i l i a r i t y  w i t h  t h e  
v e g e t a t i o n  was h e l p f u l  i n  i n t e r p r e t i n g  d a t a  analyzed w i t h  PCA. This  PCA 
was conducted f o r  each y e a r  s e p a r a t e l y .  With a l l  y e a r s  combined t h e  
r e s u l t s  were fundamental ly  t h e  same (Chapter  8 ,  Table 8-3). When more 
t h a n  one v a r i a b l e  was combined i n  a  s i n g l e  component, i t  was u s u a l l y  n o t  
p o s s i b l e  t o  dec ide  t o  which v a r i a b l e  t h e  b i r d s  were responding when 
t h e r e  was a  s i g n i f i c a n t  c o r r e l a t i o n ,  u n l e s s  we had s p e c i a l  i n s i g h t .  
Frugivorous  b i r d s ,  f o r  example, were a s s o c i a t e d  w i t h  t h e  d e r i v e d  
v a r i a b l e  which inc luded  honey m e s q u i t e ,  m i s t l e t o e ,  and shrubs .  I n  t h i s  
c a s e ,  we know i t  was t h e  f r u i t  of t h e  m i s t l e t o e  t h a t  a t t r a c t e d  t h e s e  
b i r d s ,  a  f a c t  r e a d i l y  confirmed by o b s e r v a t i o n .  But when a  group was 
a s s o c i a t e d  w i t h  DD, i t  was no t  c l e a r  which of t h e  f o u r  major v a r i a b l e s  
a s s o c i a t e d  w i t h  t h a t  PC t h e  b i r d s  p r e f e r r e d .  The f a c t o r  s c o r e s  on each 
p r i n c i p a l  component f o r  each p l a n t  community t y p e ,  each y e a r  a r e  
p resen ted  i n  Appendix 5-1. 

Avian-Vegetation A s s o c i a t i o n s  

A s s o c i a t i o n s  between a v i a n  v a r i a b l e s  and t h e  d e r i v e d  v e g e t a t i o n  
v a r i a b l e s  were determined w i t h  s t e p w i s e  m u l t i p l e  l i n e a r  r e g r e s s i o n  
a n a l y s e s .  M u l t i p l e  r e g r e s s i o n  was used because i t  seemed p o s s i b l e  f o r  
b i r d s  t o  be a s s o c i a t e d  w i t h  more t h a n  one of t h e  v e g e t a t i o n  v a r i a b l e s  
(PC's) .  The f i r s t  v a r i a b l e  t o  e n t e r  t h e  s t epwise  a n a l y s i s  was t h e  
d e r i v e d  v a r i a b l e  having t h e  l a r g e s t  s imple  c o r r e l a t i o n  c o e f f i c i e n t  ( r )  
w i t h  t h e  p a r t i c u l a r  a v i a n  z a r i a b l e  being cons idered .  The square  of t h e  
c o r r e l a t i o n  c o e f f i c i e n t  ( r  ) r e p r e s e n t s  t h e  p r o p o r t i o n  of t h e  v a r i a n c e  
i n  t h e  a v i a n  v a r i a b l e  which was accounted f o r  by i t s  a s s o c i a t i o n  w i t h  
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the derived variable. The remaining unexplained variance is called the 
residual. ,The next vegetation variable to enter the analysis was the 
one having the largest correlation with the residual. This was repeated 
for up to four steps, as long as the newly added variable explained an 
additional 5% of the variance. We felt that these restrictions (only 4 
steps and at least 5% of variance explained), while arbitrary, were most 
likely to result in the inclusion of only those variables which were 
biologically interpretable. 

Nonlinear Associations. Some avian associations with particular 
vegetation characteristics were readily apparent from field observation. 
For example, frugivorous birds occurred wherever mistletoe berries 
occurred, and the more mistletoe, the greater the number of birds. A 
linear regression model was clearly appropriate for quantitative 
confirmation or denial of such an association. 

Early in our field work, we observed that Yellow-rumped Warblers were 
abundant in certain sparse habitats as well as in certain dense 
habitats. Black-tailed Gnatcatchers increased in numbers as the number 
of shrubs and mesquite trees increased to a certain density. After 
that, further increases in vegetation density corresponded to reduced 
numbers of gnatcatchers. These, and other similar examples, normally 
would be inadequately explained by any method assuming a strictly linear 
relationship between birds and the vegetation. One may often establish 
simple patterns of relationship in such data by first standardizing and 
then transforming the data. 

Standardization of data merely indicates that we assigned the value of 
zero to the sample mean. Other values are standardized by subtracting 
the mean and dividing by the standard deviation. Values larger than the 
mean take on positive values, while those smaller than the mean assume 
negative values. When this is done, nonlinear relationships can often 
be detected by transforming the vegetation variables to the second, 
third, and fourth powers (Fig. 5-2). 

To illustrate this, assume that in five locations the standardized data 
for a vegetation variable were 2, 1, 0, -1, and -2; the corresponding 
avian densities were 0, 2, 4, 2, and 0. Clearly, a linear model will 
not detect any meaningful relationship. Squaring the values for the 
vegetation variable yields values of 4, 1, 0, 1, and 4. The avian 
values corresponding to this new set of values for the environmental 
variable can now be described by a negative linear model (lower left 
illustration, Fig. 5-2). 

Since many nonlinear associations can be imagined, an analysis cannot 
include an evaluation of all possible nonlinear relationships. The 
nonlinear relationships we examined were based on their likelihood of 
occurrence, which were derived from our observations and past data 
interpretations. Other nonlinear relationships may exist. We feel that 
a search for these curvilinear relationships allows us to detect at 
least some of the nonlinear relationships that might not be detected by 
considering only linear relationshps. We have presented more 
methodological detail elsewhere (Meents et al. 1983). 
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Other Assumption ' 1 C o r r e l a t i o n  Analyses .  P a r a m e t r i c  c o r r e l a t i o n  
a n a l y s e s ,  i n c l u d i n g  PCA, assume t h a t  t h e  d a t a  of b o t h  t h e  independent  
and dependent v a r i a b l e s  f i t  normal d i s t r i b u t i o n s .  To h e l p  i n s u r e  t h a t  
t h i s  assumption was met ,  we used square-root  t r a n s f o r m a t i o n s  f o r  
independent  and dependent v a r i a b l e s  w i t h  v a l u e s  <1.0 ,  and loglO(N + 1)  
t r a n s f o r m a t i o n  f o r  v a r i a b l e s  w i t h  v a l u e s  - >1.0. 

RESULTS AND DISCUSSION 

General  P a t t e r n  of Avian-Vegetation A s s o c i a t i o n s  

The g e n e r a l  p a t t e r n  of a v i a n  use  of t h e  r i p a r i a n  v e g e t a t i o n  was 
determined by t a b u l a t i n g  t h e  number of t i n e s  t h a t  a  v e g e t a t i o n  v a r i a b l e  
occur red  a s  a  s t e p  i n  a s i g n i f i c a n t  r e g r e s s i o n  e q u a t i o n  a c r o s s  a l l  
s e a s o n s  and y e a r s .  The t a b u l a t i o n  was subdivided i n t o  b i r d - v e g e t a t i o n  
a s s o c i a t i o n s  t h a t  were more o r  l e s s  l i n e a r  ( independen t  v a r i a b l e  r a i s e d  
t o  t h e  f i r s t  o r  t h i r d  power) and e i t  e r  p o s i t i v e  o r  n e g a t i v e .  Highly 

- C c u r v i l i n e a r  a s s o c i a t i o n s  (+x2 and +x ) were a l s o  t a b u l a t e d .  

T h i s  a n a l y s i s  r evea led  t h a t  f o l i a g e  d e n s i t y  and d i v e r s i t y  and t h e  number 
of cottonwood and wi l low t r e e s  (DD), and numbers of honey mesqu i te  
t r e e s ,  m i s t l e t o e ,  and shrubs  (HS) were inc luded  i n  s i g n i f i c a n t  e q u a t i o n s  
f a r  more f r e q u e n t l y  than  were o t h e r  v e g e t a t i o n  v a r i a b l e s  ( F i g .  5-3). 
The c o n t r i b u t i o n s  were p r i m a r i l y  p o s i t i v e ,  w i t h  a  s i g n i f i c a n t l y  g r e a t e r  
p r o p o r t i o n  of p o s i t i v e  c o n t r i b u t i o n s  by DD. DD was more impor tan t  than  
HS because  i t  had more p o s i t i v e  c o n t r i b u t i o n s ;  t h i s  i n d i c a t e s  t h a t  DD 
was more f r e q u e n t l y  p o s i t i v e l y  a s s o c i a t e d  w i t h  t h e  b i r d  d e n s i t y  and 
d i v e r s i t y  v a r i a b l e s  than was HS. Although screwbean mesqui te  had a  h i g h  
p r o p o r t i o n  of p o s i t i v e  c o n t r i b u t i o n s ,  i t  was s e l e c t e d  f a r  l e s s  
f r e q u e n t l y  t h a n  DD o r  HS. Th i s  i n d i c a t e d  t h a t  screwbean mesqui te  t r e e s  
were impor tan t  t o  one o r  a  few of t h e  a v i a n  groups  o r  were impor tan t  t o  
more t h a n  one group a t  r e s t r i c t e d  t imes  of t h e  y e a r .  

Negative c o n t r i b u t i o n s  t o  e q u a t i o n s  e x p l a i n i n g  a  s i g n i f i c a n t  p o r t i o n  of 
t h e  v a r i a n c e  i n  t h e  a v i a n  v a r i a b l e s  most f r e q u e n t l y  inc luded  s a l c  c e d a r  
(F ig .  5-3). I n  a d d i t i o n ,  s a l t  cedar  seldom made p o s i t i v e  c o n t r i b u t i o n s .  
O v e r a l l ,  b i r d s  seemed t o  avoid v e g e t a t i o n  t h a t  inc luded  a  l a r g e  number 
of s a l t  cedar  t r e e s .  

Nonlinear c o n t r i b u t i o n s  were common, rang ing  from 26% of t h e  t o t a l  
c o n t r i b u t i o n  by DD t o  46% of t h e  c o n t r i b u t i o n  by f o l i a g e  d e n s i t y  and 
d i v e r s i t y  a t  0 t o  0.6 m (0  t o  2  f t ;  DL 0-0.6 m). C u r v i l i n e a r  
c o n t r i b u t i o n s  can be of two types :  (1)  i n t e r m e d i a t e  v a l u e s  of t h e  
v e g e t a t i o n  v a r i a b l e  a r e  a s s o c i a t e d  w i t h  l a r g e r  v a l u e s  of t h e  a v i a n  
v a r i a b l e s  ( x 2  o r  x  , Fig.  5-2) ,  o r  ( 2 )  i n t e r m e d i a t ~ e  v a l u e s  of t h e  
v e g e t a t i o n  va i a b l e s  a r e  a c s o c i a t e d  w i t h  t h e  s m a l l e s t  v a l u e s  f o r  a v i a n  5 v a r i a b l e s  (-x o r  -x4,  Fig .  5-2). F a i l u r e  t o  c o n s i d e r  c u r v i l i n e a r  
r e l a t i o n s h i p s  would mean miss ing one- th i rd  t o  one-half of t h e  t o t a l  
s i g n i f i c a n t  b i r d - v e g e t a t i o n  r e l a t i o n s h i p s .  

For t h o s e  involved i n  management and m i t i g a t i o n  d e c i s i o n s ,  t h e  r e s u l t s  
so  f a r  i n d i c a t e  t h a t  b i rd -vege ta t ion  r e l a t i o n s h i p s  a r e  complex. 
Although DD and HS were impor tan t  t o  b i r d s ,  some groups  avoided a r e a s  
w i t h  h igh  v a l u e s  of t h e s e  v a r i a b l e s  ( n e g a t i v e  c o n t r i b u t i o n s ) ,  and some 
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Figure  5-3. General  p a t t e r n  of a v i a n  a s s o c i a t i o n  w i t h  t h e  r i p a r i a n  
v e g e t a t i o n .  y e r c e n t a g e s  i n d i c a t e  t h e  p r o p o r t i o n  of each  
t y p e  of r e l a t i o n s h i p .  Pos = p o s i t i v e  l i n e a r  r e l a t i o n s h i p ,  
CL = p o s i t i v e  o r  n e g a t i v e  c u r v i l i n e a r  r e l a t i o n s h i p ,  Neg - 
n e g a t i v e  l i n e a r  r e l a t i o n s h i p .  DD = t o t a l  f o l i a g e  d e n s i t y  
and d i v e r s i t y  and t h e  number of cottonwood and wi l low t r e e s ;  
HS = d e n s i t i e s  of honey mesqu i te  t r e e s ,  m i s t l e t o e ,  and s h r u b s ;  
SC = s a l t  c e d a r ;  DL = f o l i a g e  d e n s i t y  and d i v e r s i t y  0-0.6 m; 
SB = d e n s i t y  o f  screwbean mesqu i te  t r e e s .  
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were a s s o c i a t e d  w i t h  i n t e r m e d i a t e  v a l u e s  ( n o n l i n e a r  c o n t r i b u t i o n s )  of 
t h e s e  v a r i a b l e s .  Screwbean mesqui te  was impor tan t  f o r  c e r t a i n  s e a s o n s ,  
g e n e r a l l y  t o  only  one o r  a  s m a l l  number of t h e  groups  s t u d i e d .  

Seasona l  V a r i a t i o n s  i n  t h e  General  P a t t e r n  
of Avian-Vegetation A s s o c i a t i o n s  

I n  s p r i n g ,  summer, and l a t e  summer, DD made more p o s i t i v e  c o n t r i b u t i o n s  
t o  t h e  r e g r e s s i o n  a n a l y s e s  t h a n  any o t h e r  v a r i a b l e  ( F i g .  5-4). I n  f a l l  
and w i n t e r ,  HS was t h e  most impor tan t  v e g e t a t i o n  v a r i a b l e  i n  e x p l a i n i n g  
t h e  v a r i a n c e  i n  t h e  a v i a n  v a r i a b l e s .  Screwbean mesqu i te  was a  more 
impor tan t  p o s i t i v e  c o n t r i b u t o r  i n  summer and l a t e  summer than  a t  o t h e r  
seasons .  

S a l t  c e d a r  was t h e  most impor tan t  n e g a t i v e  v a r i a b l e  i n  s p r i n g ,  f a l l ,  and 
w i n t e r .  I n  summer, HS was t h e  most f r e q u e n t  n e g a t i v e  v a r i a b l e ,  and i t  
was a  common n e g a t i v e  v a r i a b l e  i n  s p r i n g  and f a l l ,  i n d i c a t i n g  t h a t  i t  
was impor tan t  t o  some of t h e  a v i a n  groups  s t u d i e d  b u t  was avoided a t  
c e r t a i n  t imes of t h e  y e a r  by some b i r d s .  D D ,  i n  c o n t r a s t ,  was seldom a  
n e g a t i v e  v a r i a b l e .  I n  l a t e  summer, DD was t h e  most f r e q u e n t  n e g a t i v e  
v a r i a b l e .  This  v a r i a b l e  was seldom p o s i t i v e  i n  t h e  e q u a t i o n s ;  i t  seemed 
t o  be b a s i c a l l y  n e u t r a l  o r  avoided by t h e  groups  s t u d i e d .  

I n  assuming t h a t  an even d i s t r i b u t i o n  of c u r v i l i n e a r  r e a c t i o n s  between 
seasons  ( i . e . ,  about  20% of t h e  t o t a l  each  season)  i s  expected by 
chance,  we found t h a t  c u r v i l i n e a r  r e a c t i o n s  t o  t h e  v e g e t a t i o n  were 
s i g n i f i c a n t l y  (P<0.02) more abundant i n  s p r i n g  (47%) and l e s s  abundant 
i n  f a l l  (22%) thgn  expected (33% f o r  e a c h ) .  S e p a r a t e  e v a l u a t i o n  of each 
of t h e  de r ived  v a r i a b l e s  revea led  t h a t  DD was invo lved  i n  s i g n i f i c a n t l y  
(PL0.05) more c u r v i l i n e a r  r e a c t i o n s  t h a n  expected i n  l a t e  summer and 
fewer c u r v i l i n e a r  r e a c t i o n s  t h a n  expected i n  f a l l .  S a l t  cedar  had t h e  
g r e a t e s t  number of c u r v i l i n e a r  r e a c t i o n s  i n  s p r i n g  and fewes t  i n  f a l l .  
HS was involved i n  s i g n i f i c a n t l y  (P<0.05) fewer c u r v i l i n e a r  r e a c t i o n s  i n  
l a t e  summer r e l a t i v e  t o  o t h e r  s e a s o n s ,  but  no season  had s i g n i f i c a n t l y  
( P 9 . 0 5 )  more c u r v i l i n e a r  a s s o c i a t i o n s .  The d i s t r i b u t i o n  of c u r v i l i n e a r  
responses  among t h e  seasons  d i d  n o t  d e v i a t e  from an  even d i s t r i b u t i o n  
f o r  DD 0-0.6 m o r  f o r  screwbean mesqui te .  Thus,  a v i a n - v e g e t a t i o n  
r e l a t i o n s h i p s  tended t o  va ry  between seasons  and,  i n  g e n e r a l ,  were more 
complex i n  s p r i n g  and l e a s t  complex i n  f a l l .  

These r e s u l t s  i n d i c a t e  t h a t  conc lus ions  about  h a b i t a t  r equ i rements  f o r  
one season  a r e  n o t  a p p l i c a b l e  t o  a l l  seasons .  Thus t h e  av ian-vege ta t ion  
r e l a t i o n s h i p s  d i s c u s s e d  i n  t h e  f i r s t  s e c t i o n  become n o r e  complex when 
seasona l  v a r i a t i o n  i s  cons idered .  Management f o r  a  l a r g e  segment of t h e  
av i fauna  i s  c l e a r l y  n o t  a  s imple  g o a l .  The a v i f a u n a  a s  a  whole no t  o n l y  
responds t o  d i f f e r e n t  environmental  c h a r a c t e r i s t i c s  i n  d i f f e r e n t  ways 
( l i n e a r  o r  c u r v i l i n e a r ) ,  bu t  t h e s e  responses  v a r y  s e a s o n a l l y .  With t h i s  
i n  mind, t h e  a s s o c i a t i o n s  of each of t h e  a v i a n  groups  w i t h  t h e  
v e g e t a t i o n  w i l l  be d i s c u s s e d .  

P a t t e r n s  of U s e  by Avian Groups 

T o t a l  Spec ies .  T o t a l  s p e c i e s  r i c h n e s s  was a s s o c i a t e d  w i t h  DD more 
f r e q u e n t l y  than  w i t h  any o t h e r  v a r i a b l e ;  HS was second ( F i g .  5-5). S a l t  
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F i g u r e  5-4.  P a t t e r n  o f  a v i a n  a s s o c i a t i o n s  w i t h  t h e  r i p a r i a n  v e g e t a t i o n  by 
s e a s o n .  Numbers i n  e a c h  g r a p h  i n d i c a t e  t h e  p e r c e n t  o f  e a c h  
t y p e  of  r e l a t i o n s h i p .  A b b r e v i a t i o n s  a s  i n  F i g u r e  5 - 3 .  
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Figure 5-5. Pattern of association between avian guilds and the derived 
vegetation variables. SPRI = number of species of permanent 
resident insectivores, SPVI = number of species of visiting 
insectivores, DVI = density of visiting insectivores, DPRI = 

density of permanent resident insectivores, DDOVES = density 
of doves, DGQ = density of Gambel Quail, DGR = passerine 
granivores,'DFR = density of frugivores. Open bar refers to 
positive linear relationships including positive reactions to 
the third power; stippled bar refers to negative relationships 
including negative reactions to the third power; diagonally 
striped bar = highly curvilinear reactions (positive and 
negative), variables were raised to the second or fourth 
power. Abbreviations of vegetation variables as in Figure 5-3. 
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c e d a r  was t h e  v a r i a b l e  most f r e q u e n t l y  n e g a t i v e l y  a s s o c i a t e d  w i t h  
s p e c i e s  r i c h n e s s .  DD and HS were most f r e q u e n t l y  invo lved  i n  
c u r v i l i n e a r  r e a c t i o n s ,  i n d i c a t i n g  t h a t  r e l a t i o n s h i p s  were n o t  s imple .  
Screwbean mesqui te  was n o t  o f t e n  an  i m p o r t a n t  v a r i a b l e ,  b u t  it  was most 
o f t e n  p o s i t i v e  when i t  was s e l e c t e d .  

Each s p e c i e s  was placed i n t o  one of s e v e r a l  r a t h e r  broad g u i l d s  on t h e  
b a s i s  of t h e i r  l e n g t h  of s t a y  i n  Colorado River  h a b i t a t s  and on t h e  
b a s i s  of d i e t .  The d i e t a r y  d e s i g n a t i o n s  were based on stomach c o n t e n t s  
of more t h a n  8,000 specimens c o l l e c t e d  by us  (Anderson,  Gabaldon, and 
Ohmart unpubl. d a t a ) .  I n s e c t i v o r e s  a t e  p r i m a r i l y  i n s e c t s ;  g r a n i v o r e s  
a t e  seeds  and p l a n t  p a r t s ;  and f r u g i v o r e s  a t e  mos t ly  m i s t l e t o e  b e r r i e s .  

Spec ies  of Permanent Res iden t  I n s e c t i v o r e s .  The number of s p e c i e s  of 
permanent r e s i d e n t  i n s e c t i v o r e s  w a s  most f r e q u e n t l y  a s s o c i a t e d  w i t h  DD 
and HS (F ig .  5-5). It was n e g a t i v e l y  a s s o c i a t e d  w i t h  s a l t  cedar .  
C u r v i l i n e a r  a s s o c i a t i o n s  were uncommon and f a i r l y  even ly  d i s t r i b u t e d  
among t h e  v e g e t a t i o n  v a r i a b l e s .  

Spec ies  of V i s i t i n g  I n s e c t i v o r e s .  The number of s p e c i e s  of v i s i t i n g  
i n s e c t i v o r e s  was by f a r  most f r e q u e n t l y  a s s o c i a t e d  w i t h  DD (F ig .  5-5). 
Negat ive  a s s o c i a t i o n s  were most common w i t h  HS, b u t  p o s i t i v e  
a s s o c i a t i o n s  w i t h  t h i s  v a r i a b l e  were a lmos t  e q u a l l y  a s  common. 

Dens i ty  of V i s i t i n g  I n s e c t i v o r e s .  D e n s i t i e s  of v i s i t i n g  i n s e c t i v o r e s  
i n c r e a s e d  a s  DD i n c r e a s e d  (F ig .  5-5). Screwbean mesqui te  was a s s o c i a t e d  
w i t h  l a r g e  d e n s i t i e s  of v i s i t i n g  i n s e c t i v o r e s  l e s s  o f t e n  t h a n  expected 
by chance.  There were fewer p o s i t i v e  a s s o c i a t i o n s  of v i s i t i n g  
i n s e c t i v o r e s  wi th  screwbean mesqui te  t h a n  expected by chance.  

Dens i ty  of Permanent Resident  I n s e c t i v o r e s .  There was a  tendency f o r  
d e n s i t i e s  of permanent r e s i d e n t  i n s e c t i v o r e s  t o  i n c r e a s e  a s  DD i n c r e a s e d  
( F i g .  5-5). A s s o c i a t i o n s  wi th  HS and screwbean mesqui te  were 
s i g n i f i c a n t l y  more common than  expected by chance.  D e n s i t i e s  of 
permanent r e s i d e n t  i n s e c t i v o r e s  decreased  a s  f o l i a g e  d e n s i t y  and 
d i v e r s i t y  0-0.6 m (DL) inc reased .  

Dens i ty  of Doves. Dove d e n s i t i e s  tended t o  d e c r e a s e  a s  DL i n c r e a s e d  
( F i g .  5-5). P o s i t i v e  a s s o c i a t i o n s  were s i g n i f i c a n t l y  more f r e q u e n t  wi th  
screwbean mesqui te  than  expected by chance.  

Dens i ty  of Gambel Q u a i l .  Gambel Q u a i l  numbers tended t o  i n c r e a s e  a s  HS 
i n c r e a s e d ;  q u a i l  numbers decreased a s  s a l t  cedar  i n c r e a s e d  ( F i g .  5-5). 
When DL was i m p o r t a n t ,  i t  tended t o  be n o n l i n e a r .  There were fewer 
n e g a t i v e  a s s o c i a t i o n s  w i t h  DL t h a n  expected by chance. 

D e n s i t y  of P a s s e r i n e  Granivores .  Dens i ty  of g r a n i v o r e s  was r e l a t e d  t o  
HS; t h i s  r e l a t i o n s h i p  was p r i m a r i l y  p o s i t i v e  o r  c u r v i l i n e a r  ( F i g .  5-5). 
Granivore  numbers g e n e r a l l y  decreased  a s  t h e  amount of DL i n c r e a s e d .  

D e n s i t y  of Frug ivores .  Frugivore  d e n s i t i e s  i n c r e a s e d  a s  HS i n c r e a s e d ,  
a l t h o u g h  t h i s  r e l a t i o n s h i p  was f r e q u e n t l y  c u r v i l i n e a r  ( F i g .  5-5). 
F r u g i v o r e s  had almost a l l  n e g a t i v e  a s s o c i a t i o n s  wi th  s a l t  cedar .  
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Summary A n a l y s i s  

Two-thirds of t h e  a v i a n  groups  showed i n c r e a s i n g  numer ica l  v a l u e s  a s  HS 
i n c r e a s e d ,  and f i v e - n i n t h s  of t h e  groups  i n c r e a s e d  a s  DD i n c r e a s e d .  No 
a v i a n  group i n c r e a s e d  a s  s a l t  cedar  i n c r e a s e d ,  b u t  f o u r - n i n t h s  of t h e  
a v i a n  groups  decreased  a s  s a l t  cedar  d e n s i t y  i n c r e a s e d .  The number of 
s p e c i e s  of v i s i t i n g  i n s e c t i v o r e s  showed some tendency t o  d e c r e a s e  a s  HS 
i n c r e a s e d ,  and t h e  d e n s i t y  of permanent r e s i d e n t  i n s e c t i v o r e s  decreased  
a s  DL i n c r e a s e d .  

A management p lan  des igned t o  enhance DD and HS would enhance e i g h t  of 
t h e  n i n e  a v i a n  v a r i a b l e s  over  a  pe r iod  of y e a r s .  Adopting such a  p l a n  
c o u l d ,  however, r e s u l t  i n  lowered h a b i t a t  v a l u e s  f o r  some groups  a t  
c e r t a i n  seasons .  It i s  c l e a r ,  however, t h a t  DD and HS a r e  impor tan t  t o  
b i r d s  of t h e  lower Colorado River  and t h a t  s a l t  c e d a r  i s  a p p a r e n t l y  
avoided by some s p e c i e s .  

A s s o c i a t i o n  w i t h  D D ,  SC, and HS. The a v i a n  groups  s t u d i e d  were 
a s s o c i a t e d  w i t h  f o l i a g e  d e n s i t y  and d i v e r s i t y  t o  a  g r e a t e r  e x t e n t  than  
w i t h  o t h e r  v e g e t a t i o n - v a r i a b l e s .  Th i s  d e r i v e d  v a r i a b l e  exp la ined  more 
of t h e  v a r i a n c e  i n  t h e  a v i a n  d a t a  than  d i d  o t h e r  v e g e t a t i o n  v a r i a b l e s .  
DD was p a r t i c u l a r l y  impor tan t  i n  a t t r a c t i n g  l a r g e  numbers of s p e c i e s ,  
s p e c i e s  of v i s i t i n g  i n s e c t i v o r e s ,  and d e n s i t i e s  of v i s i t i n g  and 
permanent r e s i d e n t  i n s e c t i v o r e s .  Areas of h igh DD were ,  however, 
avoided by f r u g i v o r e s  and Gambel Quai l .  I n  some s e a s o n s ,  a r e a s  of h igh 
DD were avoided by g r a n i v o r e s  and had reduced numbers of s p e c i e s  of 
permanent r e s i d e n t  i n s e c t i v o r e s .  B i rds  tended t o  have t h e  g r e a t e s t  
a s s o c i a t i o n  w i t h  DD i n  s p r i n g  and summer. 

S a l t  c e d a r  tended t o  have low a s s o c i a t i o n s  w i t h  t h e  number of s p e c i e s  of 
permanent r e s i d e n t  i n s e c t i v o r e s ,  g r a n i v o r e s ,  and Gambel Qua i l .  These 
groups  were a p p a r e n t l y  a t t r a c t e d  t o  s t a n d s  of honey mesqui te  w i t h  
m i s t l e t o e  and shrubs .  

C u r v i l i n e a r  A s s o c i a t i o n s .  Some groups were a s s o c i a t e d  w i t h  c e r t a i n  s a l t  
cedar lhoney mesqu i te l sh rub  s t a n d s  and avoided o t h e r s .  Such r e a c t i o n s  
were of two b a s i c  types :  (1) some a v i a n  groups  were a t t r a c t e d  t o  dense  
o r  s p a r s e  v e g e t a t i o n  and avoided i n t e r m e d i a t e  a r e a s ,  o r  ( 2 )  t h e y  were 
a t t r a c t e d  t o  i n t e r m e d i a t e  s t a n d s  of v e g e t a t i o n  and avoided v e r y  dense  o r  
s p a r s e  s t a n d s  ( -  r e a c t i o n s ) .  These c u r v i l i n e a r  r e l a t i o n s h i p s  were 
t y p i c a l  of s p e c i e s  of v i s i t i n g  i n s e c t i v o r e s  and d e n s i t i e s  of permanent 
r e s i d e n t  i n s e c t i v o r e s  and,  i n  some s e a s o n s ,  p a s s e r i n e  g r a n i v o r e s  and 
Gambel Qua i l .  Such a s s o c i a t i o n s  tended t o  be s t r o n g e s t  i n  s p r i n g .  

Screwbean Mesquite.  I n  s p r i n g ,  summer, and l a t e  summer, screwbean 
mesqu i te  suppor ted p a r t i c u l a r l y  l a r g e  d e n s i t i e s  of doves.  Screwbean 
mesqu i te  was avoided by doves i n  w i n t e r ,  by g r a n i v o r e s  and Gambel Qua i l  
i n  s p r i n g ,  and by v i s i t i n g  i n s e c t i v o r e s  i n  f a l l .  

DL. DL a t t r a c t e d  doves and q u a i l  and a  v a r i e t y  of s p e c i e s  of permanent - 
r e s i d e n t  i n s e c t i v o r e s  i n  some seasons .  I n  o t h e r  s e a s o n s ,  q u a i l  and 
v i s i t i n g  i n s e c t i v o r e s  were a t t r a c t e d  t o  a r e a s  of moderate f o l i a g e  
d e n s i t y  and d i v e r s i t y  but  avoided a r e a s  of e i t h e r  h i g h  o r  low f o l i a g e  
d e n s i t i e s  a t  low l e v e l s .  During some s e a s o n s ,  a r e a s  wi th  well-developed 
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low l e v e l  v e g e t a t i o n  were avoided by s e v e r a l  s p e c i e s  of permanent 
r e s i d e n t  i n s e c t i v o r e s  and ,  i n  g e n e r a l ,  t h e y  suppor ted  low s p e c i e s  
r i c h n e s s ,  e s p e c i a l l y  i n  summer and l a t e  summer. 

Average C o r r e l a t i o n  C o e f f i c i e n t s  

Thus f a r ,  we have emphasized t h e  number of t imes  t h e  d e r i v e d  v a r i a b l e s  
were involved i n  s i g n i f i c a n t  c o r r e l a t i o n s .  Nothing h a s  been mentioned 
about  t h e  s t r e n g t h  of t h e  c o r r e l a t i o n s .  I n  t h i s  s e c t i o n ,  we d i s c u s s  t h e  
m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t s  r e s u l t i n g  from t h e  a v i a n  a s s o c i a t i o n s  
w i t h  t h e  d e r i v e d  v e g e t a t i o n  v a r i a b l e s .  T h i s  w i l l  be done i n  t h r e e  ways. 
F i r s t ,  we p r e s e n t  t h e  average ,  r a n g e ,  and s t a n d a r d  d e v i a t i o n  of 
c o r r e l a t i o n s  w i t h  v e g e t a t i o n  v a r i a b l e s  f o r  each  of t h e  n i n e  a v i a n  groups  
f o r  a l l  seasons  and y e a r s  combined. A s  a n  i n d i c a t i o n  of how p r e c i s e  t h e  
mean i s ,  r e l a t i v e  t o  t h e  sample s i z e s  i n v o l v e d ,  we p r e s e n t  t h e  range 
w i t h i n  which t h e  t r u e  mean could  be expected t o  f a l l  95% of t h e  t ime;  
i . e . ,  two s t a n d a r d  e r r o r s  of t h e  mean. Second, we p r e s e n t  t h i s  
i n f o r m a t i o n  f o r  each season.  The d a t a  w i t h i n  a  season  w i l l  i n c l u d e  
c o r r e l a t i o n s  f o r  t h e  n i n e  a v i a n  v a r i a b l e s  f o r  t h e  f o u r  y e a r s .  F i n a l l y ,  
c o r r e l a t i o n s  were averaged a c r o s s  a l l  seasons  and a v i a n  v a r i a b l e s  f o r  
each of t h e  f o u r  y e a r s .  

Average C o r r e l a t i o n  C o e f f i c i e n t s  f o r  Each Avian Group. Those a v i a n  
v a r i a b l e s  w i t h  t h e  g r e a t e s t  average c o r r e l a t i o n s  w i t h  t h e  v e g e t a t i o n  
v a r i a b l e s  ( F i g .  5-6) a r e  t h e  ones r e q u i r i n g  s p e c i a l  a t t e n t i o n ,  f o r  t h e y  
a r e  t h e  groups which c o n s i s t e n t l y  have h i g h l y  s p e c i f i c  requ i rements  
a c r o s s  seasons  and y e a r s .  The t o p  t h r e e  groups  i n  t h i s  c a t e g o r y  were 
f r u g i v o r e s  and d e n s i t y  and s p e c i e s  r i c h n e s s  of v i s i t i n g  i n s e c t i v o r e s .  
I n  each of t h e s e  t h r e e  g roups ,  an  average of more t h a n  60% of t h e  

2 v a r i a n c e  ( v a r i a n c e  = R ) was exp la ined  by r e l a t i o n s h i p s  t o  v e g e t a t i o n .  
D e n s i t i e s  of permanent r e s i d e n t  i n s e c t i v o r e s  and Gambel Qua i l  had 
i n t e r m e d i a t e  a s s o c i a t i o n s  w i t h  v e g e t a t i o n .  Dens i ty  of doves ,  t o t a l  
s p e c i e s  r i c h n e s s ,  d e n s i t y  of g r a n i v o r e s ,  and s p e c i e s  of permanent 
r e s i d e n t  i n s e c t i v o r e s  were l e a s t  c o n s i s t e n t l y  a s s o c i a t e d  w i t h  t h e  
d e r i v e d  v e g e t a t i o n  v a r i a b l e s .  This  means t h a t  t h e  v e g e t a t i o n  
c h a r a c t e r i s t i c s  t h a t  a t t r a c t e d  groups w i t h  t h e  most s p e c i f i c  
requ i rements  probably  a l s o  a t t r a c t e d  a t  l e a s t  a  moderate number of t h o s e  
b i r d s  t h a t  had low average  c o r r e l a t i o n s  wi th  v e g e t a t i o n .  However, s i n c e  
t h e  l a s t  f o u r  groups  were n o t  s t r o n g l y  r e l a t e d  t o  t h e  v e g e t a t i o n ,  i t  i s  
tempting t o  conclude t h a t  members of t h i s  group a r e  g e n e r a l i s t s .  Th i s  
may n o t  be t r u e  i n  t h a t  we might g e t  t h e  same r e s u l t s  i f  each s p e c i e s  
w i t h i n  a  group tended t o  seek  a  s p e c i f i c  element of t h e  v e g e t a t i o n ,  and 
t h i s  element was d i f f e r e n t  f o r  each s p e c i e s .  Management f o r  t h e  t o p  
groups  would, i n  t h a t  c a s e ,  a l s o  i n c l u d e  moderate v a l u e s  f o r  t h e  o t h e r  
g roups ,  b u t  some s p e c i e s  might be e l i m i n a t e d  a l t o g e t h e r .  Th i s  w i l l  be 
cons idered  i n  more d e t a i l  l a t e r .  

Average C o r r e l a t i o n  by Season. Average c o r r e l a t i o n s  w i t h  t h e  v e g e t a t i o n  
were h i g h e s t  i n  summer, followed by f a l l ,  s p r i n g ,  w i n t e r ,  and l a t e  
summer ( F i g .  5-7). Th i s  could mean t h a t  t h e  s p e c i e s  composing a l l  
groups  were a t t r a c t e d  about  e q u a l l y  by t h e  same f e a t u r e  i n  t h e  
v e g e t a t i o n  i n  summer, b u t  a t  o t h e r  seasons  t h e  s p e c i e s  composing t h e  
a v i a n  groups  tended t o  be a s s o c i a t e d  w i t h  s e p a r a t e  v e g e t a t i o n  
c h a r a c t e r i s t i c s .  A lower mean v a l u e  i n  l a t e  summer could i n d i c a t e  t h a t  
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Figure  5-0 .  Mean c o e f f i c i e n t s  f o r  a v i a n  g u i l d  c o r r e l a t i o n s  w i t h  t h e  
d e r i v e d  v a r i a b l e s .  b -bbrev ia t ions  a s  i n  F i g u r e  5-5. The 
h o r i z o n t a l  l i n e  r e p r e s e n t s  t h e  mean; t h e  v e r t i c a l  l i n e ,  
t h e  range ;  t h e  ' l a r g e  r e c t a n g l e ,  one  s t a n d a r d  d e v i a t i o n ;  
t h e  smal l  r e c t a n g l e ,  two s t a n d a r d  e r r o r s  of  t h e  mean. 
Each season represented a  c a s e .  S i n c e  t h e r e  were f i v e  
seasons  dnd f o u r  y e a r s ,  Lhe s t a t i s t i c s  a r e  based on a  
sample of 20 f o r  each g u i l d .  The g u i l d s  a r c  a r ranged  
from t h e  l a r g e s t  t o  t h e  s m a l l e s t  mean. 
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F i g u r e  5-7. Mean c o e f f i c i e n t s  of c o r r e l a t i o n s  between a v i a n  
g u i l d s  and d e r i v e d  v e g e t a t i o n  v a r i a b l e s  by season .  
SP = s p r i n g ,  SU = summer, LS = l a t e  summer, F = 
f a l l ,  W = w i n t e r .  Symbols a s  i n  F igure  5-6. A 
c o r r e l a t i o n  c o e f f i c i e n t  f o r  one g u i l d  f o r  a  g iven  
y e a r  c o n s t i t u t e d  one c a s e  f o r  a  season.  S i n c e  
t h e r e  were n i n e  g u i l d s  and f o u r  y e a r s ,  t h e  s t a t i s -  
t i c s  a r e  based on a  sample of 36 i n  each season.  
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a l l  spec ies  wi th in  each group were g e n e r a l i s t s .  I f  t h i s  were t r u e ,  it 
would make management e a s i e r ,  because i t  would mean t h a t  t h e  vege ta t ion  
c h a r a c t e r i s t i c  s e l ec t ed  a t  one time of year  by a l l  avian groups would 
a l s o  a t t r a c t  reasonable numbers of b i r d s  i n  o t h e r  seasons. We have 
t e s t e d  t h i s  concept and d e t a i l e d  r e s u l t s  have been presented elsewhere 
(Anderson and Ohmart 1980, Rice e t  a l .  1980). Our r e s u l t s  i nd ica t ed  
t h a t  spec ies  over laps  and h a b i t a t  b readths  were g r e a t e s t  i n  summer and 
sma l l e s t  i n  w in te r ,  but s p e c i f i c  h a b i t a t  p references  were g r e a t e s t  i n  
winter .  The tendency f o r  h a b i t a t  b readths  and over laps  t o  be low i n  
win ter  was more pronounced i n  harsh win te r s  than i n  mild win ters .  

In  a  management context ,  the  high c o r r e l a t i o n  c o e f f i c i e n t s  found i n  
summer plus t he  information above shows t h a t ,  i n  gene ra l ,  b i r d s  
composing the  var ious  groups were found i n  t he  same h a b i t a t  types a t  
t h a t  season and t h a t  they were f a i r l y  gene ra l  i n  t h e i r  s e l e c t i o n  of 
h a b i t a t s .  

The low c o r r e l a t i o n  c o e f f i c i e n t s  i n  win ter  a r e  explained by the  f a c t  
t h a t  h a b i t a t  breadths o r  overlaps a r e  small  i n  win ter .  It would be a  
mistake t o  assume t h a t  b i r d s  were n o t  h a b i t a t  s e l e c t i v e  i n  winter .  I n  
f a c t ,  winter  i s  the time of g r e a t e s t  h a b i t a t  s p e c i a l i z a t i o n .  Grea ter  
a t t e n t i o n  must be given t o  h a b i t a t  p references  a t  t h i s  time of year .  
F a i l u r e  t o  do so could r e s u l t  i n  e l imina t ion  of s eve ra l  spec i e s ,  even i f  
summer h a b i t a t  condi t ions  were m e t .  

Average Cor re l a t ion  by Year. Although s i g n i f i c a n t  d i f f e r ences  did 
occur ,  a s s o c i a t i o n s  with vegeta t ion  ac ros s  avian groups and seasons were 
f a i r l y  s i m i l a r  from year t o  year (Fig.  5-8). The impl ica t ion  i s  t h a t  
t h e  f i nd ings  in one year may be f a i r l y  s i m i l a r  t o  those during another  
year .  The danger of only one year of d a t a  is t h a t  management based on 
conclusions drawn during a  good yea r ,  when many spec i e s  s e l e c t  more 
genera l ized  h a b i t a t s ,  might lead  t o  e l imina t ion  of spec i e s  during poor 
y e a r s ,  when spec ies  h a b i t a t  requirements a r e  more spec i a l i zed .  

Management Conclusions 

We know t h a t ,  wi th  the  except ion of f r u g i v o r e s ,  d e n s i t i e s  and numbers of 
spec i e s  of v i s i t i n g  in sec t ivo res  were more s t rong ly  assoc ia ted  wi th  the  
vege ta t ion  than e r e  any o the r  av ian  groups (F ig .  5-6), and t h a t  
vege ta t ion  r e l a t i o n s h i p s  a r e  s t ronger  i n  summer than i n  o the r  seasons 
(F ig .  5-7). W e  a l s o  h o w  t h a t  d e n s i t i e s  and spec i e s  of v i s i t i n g  
i n s e c t i v o r e s  were assoc ia ted  most o f t e n  with DD (F ig .  5-5). In  order  t o  
i n s u r e  l a r g e r  numbers f o r  t h i s  g u i l d ,  a management plan must inc lude  
above-average f o l i a g e  dens i ty  and d i v e r s i t y  and above-average numbers of 
cottonwood and willow t r e e s  compared t o  t he  average f o r  r i p a r i a n  
vege ta t ion  i n  t h e  lower Colorado River va l l ey .  This  a c t i o n  would a l s o  
c o n t r i b u t e  t o  increases  i n  t o t a l  spec i e s  r i chness  and d e n s i t i e s  of 
permanent r e s iden t  i n sec t ivo res  (Fig.  5-5). 

Frugivores  were found i n  r i p a r i a n  vege ta t ion  i n  f a l l ,  w in t e r ,  and 
s p r i n g ,  when they were assoc ia ted  wi th  m i s t l e t o e .  Thus, i n  order  t o  
enhance presence and abundance of f r u g i v o r e s ,  management plans must 
i nc lude  mis t l e toe .  Management f o r  t he  v a r i a b l e s  assoc ia ted  with 
m i s t l e t o e  (honey mesquite and shrubs) would a l s o  enhance d e n s i t i e s  of 
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F i g u r e  5-8. Mean c o e f f i c i e n t s  of c o r r e l a t i o n  between a v i a n  g u i l d s  
and der ived  v e g e t a t i o n  v a r i a b l e s  f o r  each of f o u r  y e a r s .  
Symbols a s  i n  F igure  5-6. A c o r r e l a t i o n  f o r  one g u i l d  
f o r  one season c o n s t i t u t e d  one c a s e  f o r  a  g iven  y e a r .  
S i n c e  t h e r e  were n i n e  g u i l d s  and f i v e  seasons ,  t h e  
s t a t i s t i c s  a r e  based on a  sample of 45 f o r  each  y e a r .  
The y e a r s  a r e  arranged from t h e  l a r g e s t  t o  t h e  s m a l l e s t  
mean. 
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g r a n i v o r e s ,  q u a i l ,  doves ,  and permanent r e s i d e n t  i n s e c t i v o r e s ,  and 
s p e c i e s  r i c h n e s s .  Th i s  management recommendation and t h e  f i r s t  one ,  t o  
i n c l u d e  above-average numbers of cottonwood and wi l low t r e e s ,  a r e  n o t  
mutua l ly  e x c l u s i v e ;  i t  i s  p o s s i b l e  t o  have shrubby a r e a s  wi th  mesqui te  
and m i s t l e t o e  t h a t  a r e  dense a s  w e l l  a s  v e r t i c a l l y  and h o r i z o n t a l l y  
d i v e r s e .  Avian s p e c i e s  r i c h n e s s  would a p p a r e n t l y  be s a c r i f i c e d  somewhat 
i f  t h e  number of cottonwood and wi l low t r e e s  was reduced i n  o r d e r  t o  
i n c r e a s e  honey mesqu i te ,  m i s t l e t o e ,  and s h r u b s  ( F i g .  5-5). However, a  
management p l a n  des igned t o  i n c r e a s e  DD and HS t h e o r e t i c a l l y  would 
provide some b e n e f i t s  f o r  most of t h e  major a v i a n  groups  cons idered .  

The t h i r d  management conc lus ion  is  t h a t  t h e  e f f e c t  of t h e  f i r s t  two 
recommendations can be enhanced by e l i m i n a t i n g  s a l t  c e d a r .  F ive  of t h e  
n i n e  a v i a n  groups  were n e g a t i v e l y  a s s o c i a t e d  w i t h  s a l t  cedar  i n  one o r  
more seasons  ( F i g s .  5-2 and 5-5). Only t h e  d e n s i t y  of v i s i t i n g  
i n s e c t i v o r e s  was enhanced a t  any t ime by t h e  p resence  of s a l t  c e d a r .  It 
i s  probab le ,  though unproven, t h a t  removal of s a l t  c e d a r  from a  mixed 
s t a n d  would enhance t h e  a r e a  i n  terms of a v i a n  use  (Anderson and Ohmart 
1982; Chapter  3 ) .  

S e p a r a t i n g  I n t e r c o r r e l a t e d  V a r i a b l e s  

The d e r i v e d  v a r i a b l e s  from t h e  PCA c o n s i s t e d  of groups  of h i g h l y  
i n t e r c o r r e l a t e d  v a r i a b l e s .  It would be u s e f u l  t o  be a b l e  t o  s e p a r a t e  
t h e s e  v a r i a b l e s  t o  determine i f  a l l  o r  o n l y  one of t h e  i n t e r c o r r e l a t e d  
v a r i a b l e s  was a s s o c i a t e d  w i t h  a v i a n  d e n s i t i e s  and d i v e r s i t i e s .  It would 
a l s o  s i m p l i f y  management requ i rements  i f  o n l y  one o r  two of a  s e r i e s  of 
i n t e r c o r r e l a t e d  v a r i a b l e s  were impor tan t .  S e p a r a t e  PCA's of t h e  
v e g e t a t i o n  v a r i a b l e s  f o r  each y e a r  h e l p s  c l a r i f y  t h i s .  

Evidence from R i p a r i a n  Vege ta t ion  Ana lys i s .  I n  most y e a r s ,  f o l i a g e  
h e i g h t  d i v e r s i t y  (FHD), t o t a l  f o l i a g e  p a t c h i n e s s  and d e n s i t y ,  and t h e  
number of cottonwood and wi l low t r e e s  were a l l  combined i n t o  a  s i n g l e  
d e r i v e d  v a r i a b l e .  However, i n  1977, FHD and t h e  number of cottonwood 
and wi l low t r e e s  were s e p a r a t e d  from t h e  o t h e r  v a r i a b l e s .  I n  1977, 
cottonwood and wi l low t r e e s  and FHD c o n t r i b u t e d  n e g a t i v e l y  t o  a  s e p a r a t e  
d e r i v e d  v a r i a b l e  t h a t  a l s o  inc luded  f o l i a g e  d e n s i t y  0-0.6 m. I n  t h e  
o t h e r  t h r e e  y e a r s ,  f o l i a g e  d e n s i t y  and d i v e r s i t y  0-0.6 m were t h e  o n l y  
v a r i a b l e s  load ing  >0.5 on t h i s  de r ived  v a r i a b l e  (PC). This  meant t h a t  
a r e a s  w i t h  h i g h  FHD and numbers of cottonwood and wi l low t r e e s  had 
l i t t l e  f o l i a g e  d e n s i t y  a t  0-0.6 m. T h e r e f o r e ,  i f  t h e  number of n e g a t i v e  
b i r d  responses  t o  t h i s  de r ived  v a r i a b l e  i n c r e a s e d  i n  1977, i t  would 
sugges t  t h a t  i n c r e a s i n g  FHD and g r e a t e r  numbers of cottonwood and wi l low 
t r e e s  a t t r a c t e d  more b i r d s .  I f ,  a t  t h e  same t i m e ,  t h e  number of 
p o s i t i v e  responses  t o  f o l i a g e  d e n s i t y  and p a t c h i n e ~ s  ( t h e  remaining 
v a r i a b l e s  a s s o c i a t e d  w i t h  t h e  f i r s t  de r ived  v a r i a b l e )  dropped, i t  would 
sugges t  t h a t  t o t a l  f o l i a g e  d e n s i t y  and p a t c h i n e s s  were n o t  v e r y  
impor tan t  t o  b i r d s .  I n  1977, t h e r e  were 14 n e g a t i v e  a s s o c i a t i o n s  w i t h  
t h e  v a r i a b l e  t h a t  included FHD and t h e  number of cottonwood and wi l low 
t r e e s .  Based on t h e  o t h e r  t h r e e  y e a r s ,  when n e g a t i v e  r e a c t i o n  t o  t h i s  
v a r i a b l e  occurred a t  a  r a t e  of 0.246, we expected 6.9 of t h e  28 t o t a l  
r e a c t i o n s  t o  be n e g a t i v e .  The observed r e p r e s e n t s  a  s i g n i f i c a n t  ( x 2 =  
9.8,  2 d f ,  P<0.01) d e v i a t i o n  from expec ted ,  i n d i c a t i n g  t h a t  e i t h e r  FHD 
o r  t h e  number of cottonwood and wi l low t r e e s ,  o r  b o t h  of t h e s e  
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v a r i a b l e s ,  were impor tan t  t o  b i r d s .  On t h e  o t h e r  hand, t h e r e  was no 
s i g n i f i c a n t  change ( X 2  = 1.31, 2 df , P>O .O5) f o r  t h e  o v e r a l l  r e sponses  
t o  t h e  f i r s t  de r ived  v a r i a b l e ;  t h u s  p a t c h i n e s s  and t o t a l  f o l i a g e  d e n s i t y  
were a l s o  impor tan t .  Although t h i s  advanced our  unders tand ing  of t h i s  
complex of v a r i a b l e s ,  i t  remained unknown i f  b i r d s  responded t o  b o t h  o r  
o n l y  one member of t h e s e  p a i r s  of d a t a .  F u r t h e r  i n s i g h t  was gained from 
examining t h e  r e s u l t s  from t h e  r e v e g e t a t i o n  s i t e .  

S t a n d a r d i z a t i o n  of V a r i a b l e s  on Revege ta t ion  S i t e s .  Because d a t a  f o r  
l e s s  than  t h r e e  y e a r s  were a v a i l a b l e ,  a v i a n  d a t a  from t h e  r e v e g e t a t i o n  - 

s i t e s  were s t a n d a r d i z e d  f o r  each season ;  i . e . ,  d e n s i t i e s  f o r  each season  
were a d j u s t e d  t o  r e f l e c t  t h e i r  r e l a t i o n s h i p  t o  t h e  average  b i r d  d e n s i t y ,  
which was ass igned  a  v a l u e  of zero .  D e n s i t i e s  g r e a t e r  t h a n  t h e  mean 
became p o s i t i v e  v a l u e s  and d e n s i t i e s  lower t h a n  t h e  mean became n e g a t i v e  
v a l u e s .  The mean f o r  a  g i v e n  season was t h e  average  d e n s i t y  f o r  a l l  
r i p a r i a n  v e g e t a t i o n  censused by u s  i n  t h e  lower Colorado River  v a l l e y  
f o r  1978 and 1979. 

The s tandard ized  range f o r  any g iven  season  was roughly -3 t o  +3. 
S t a n d a r d i z a t i o n  h a s  t h e  advantage of a l lowing  u s  t o  pool t h e  d a t a  f o r  
a l l  seasons  and y e a r s ,  t h u s  a l lowing  more e f f e c t i v e  use  of d a t a  from 
o n l y  t h r e e  t r a n s e c t s  on r e v e g e t a t e d  a r e a s .  S i n c e  t h e r e  a r e  f i v e  s e a s o n s  
f o r  each of t h e  t h r e e  y e a r s ,  we have t h e  p o t e n t i a l  f o r  15 d a t a  p o i n t s  
pe r  year  ( 3  t r a n s e c t s  X 5  s e a s o n s ) .  A c t u a l l y ,  t h e r e  were 14 p o i n t s  f o r  
one s i t e ,  15 f o r  a  second,  and 20 f o r  t h e  t h i r d  and o l d e s t  s i t e .  

The v e g e t a t i o n  d a t a  from t h e  r e v e g e t a t i o n  t r a n s e c t s  were s i m i l a r l y  
s t a n d a r d i z e d .  C o l l e c t i o n  of r e v e g e t a t i o n  d a t a  began when t h e  s i t e s  were 
v i r t u a l l y  b a r e  a r e a s  and cont inued through s p r i n g  1981. 

S e p a r a t i o n  of V a r i a b l e s  on t h e  F i r s t  Derived V a r i a b l e .  The f i r s t  
d e r i v e d  v a r i a b l e  from t h e  o r i g i n a l  PCA of r i p a r i a n  v e g e t a t i o n  inc luded  
FHD, t h e  number of cottonwood and wi l low t r e e s ,  t o t a l  p a t c h i n e s s ,  and 
t o t a l  f o l i a g e  d e n s i t y .  On t h e  r e v e g e t a t i o n  p l o t s ,  over  a l l  seasons  and 
y e a r s ,  t o t a l  p a t c h i n e s s  and t o t a l  f o l i a g e  d e n s i t y  were h i g h l y  
i n t e r c o r r e l a t e d  (Tab le  5-1). However, t h e r e  i s  a  fundamental  d i f f e r e n c e  
between t h i s  c o r r e l a t i o n  and t h e  c o r r e l a t i o n  i n  t h e  r i p a r i a n  v e g e t a t i o n  
a n a l y s i s .  On t h e  r e v e g e t a t i o n  s i t e s ,  t o t a l  f o l i a g e  d e n s i t y  was 
c o r r e l a t e d  w i t h  t h e  f o l i a g e  d e n s i t y  a t  0-0.6 m (Tab le  5-1);  i n  t h e  
o r i g i n a l  a n a l y s i s  t h e s e  v a r i a b l e s  were n o t  s i g n i f i c a n t l y  c o r r e l a t e d .  On 
t h e  r e v e g e t a t i o n  s i t e s ,  t o t a l  f o l i a g e  d e n s i t y  and f o l i a g e  d e n s i t y  a t  
0-0.6 m were n o t  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  number of cottonwood 
and wi l low t r e e s .  FHD was . s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  number of 
cottonwood and wi l low t r e e s  on t h e  r e v e g e t a t i o n  s i t e s .  

S e p a r a t i o n  of V a r i a b l e s  on t h e  Second Derived V a r i a b l e .  I n  t h e  o r i g i n a l  
a n a l y s i s ,  honey mesqu i te  t r e e s  and shrubs  were i n t e r c o r r e l a t e d  on t h e  
second der ived  v a r i a b l e .  On t h e  r e v e g e t a t i o n  s i t e s ,  t h e r e  were no honey 
mesqui te  t r e e s  > 3  m 0 1 0  f t )  t a l l  b u t ,  a t  v a r i o u s  t i m e s ,  t h e r e  were many 
shrubs .  Thus, t h e s e  v a r i a b l e s  were f u l l y  s e p a r a t e d .  

Among shrubs ,  o n l y  q u a i l  bush and inkweed were h i g h l y  i n t e r c o r r e l a t e d  
(Tab le  5 - I ) ,  b u t  b o t h  were a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
smotherweed. T o t a l  f o l i a g e  d e n s i t y  and t o t a l  p a t c h i n e s s  were a l s o  
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  shrubs .  
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Table 5-1. Correlations of variables on the revegetation sites which 
were intercorrelated on various derived variables in the 
riparian vegetation analysis. Correlations - >0.65 are 
significant at - >0.05. 

A. First derived variable 

Total patchiness Cottonwood-willow trees FHD 

Total density 0.933 0.203 -0.311 

Total patchiness - 0.064 -0.436 

Cottonwood-willow 
trees - 

B. Shrubs 

Total 
Inkweed Smotherweed Russian thistle shrubs 

Quail bush 0.927 0.752 

Inkweed - 0.697 -0.096 0.5 18 

Smo therweed - - -0.176 0.589 

Russian thistle - - - 0.525 

C. Third derived variable and intercorrelations with selected 
additional variables 

Patchiness Total Total foliage Total 
0-0.6 m patchiness density shrubs 

Foliage density 0-0.6 m 0.941 0.936 0.995 0.821 

Patchiness 0-0.6 m - 0.976 0.845 0.490 

Total patchiness - - 0.933 0.699 

Total foliage density - - - 0.731 
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V a r i a b l e s  Assoc ia ted  on t h e  Th i rd  Der ived V a r i a b l e .  F o l i a g e  d e n s i t y  and 
p a t c h i n e s s  a t  0-0.6 m were h i g h l y  i n t e r c o r r e l a t e d  and each  was h i g h l y  
c o r r e l a t e d  w i t h  sh rubs .  

Bird-Vegeta t ion R e l a t i o n s h i p s  f o r  1981 on R e v e g e t a t i o n  S i t e s  

D e n s i t y  of P a s s e r i n e  Granivores .  The number of g r a n i v o r o u s  b i r d s  was 
s t r o n g l y  a s s o c i a t e d  w i t h  sh rub  d e n s i t i e s .  When g r a n i v o r e  d e n s i t i e s  were 
t h r e e  t o  f o u r  s t a n d a r d  d e v i a t i o n s  (SD) above t h e  mean, t h e  number of 
sh rubs  averaged more t h a n  two SD's above t h e  mean ( F i g .  5-9). When 
d e n s i t i e s  were between two and t h r e e  SD's  above t h e  mean, sh rubs  
averaged about  1.3 SD's above t h e  mean. When g r a n i v o r e  d e n s i t i e s  were 
0.5 t o  2 SD's above t h e  mean, t h e  number of sh rubs  was about  average .  
F i n a l l y ,  when g r a n i v o r e  d e n s i t i e s  were below a v e r a g e ,  t h e  number of 
sh rubs  was s i g n i f i c a n t l y  (P<0.05) below average.  

A comparable s e r i e s  of g r a p h s ,  showing how f o l i a g e  d e n s i t y  0-0.6 m 
changed a s  g r a n i v o r e  d e n s i t i e s  changed, could  have been p resen ted .  T h i s  
would have l i t t l e  o r  no b i o l o g i c a l  meaning, however, because  i n  t h e  
c o r r e l a t i o n  f o r  r i p a r i a n  v e g e t a t i o n  ( F i g .  5-5),  g r a n i v o r e s  avoided 
f o l i a g e  d e n s i t y  of 0-0.6 m. I n  t h a t  a n a l y s i s ,  arrowweed and s a l t  c e d a r  
communities c o n t r i b u t e d  h e a v i l y  t o  f o l i a g e  d e n s i t y  of 0-0.6 m. When 
f o l i a g e  d e n s i t y  a t  0-0.6 m was made up of s h r u b s ,  i t  became v a l u a b l e  t o  
g r a n i v o r e s .  Thus, p l a n t  s p e c i e s  and n o t  f o l i a g e  d e n s i t y  a t t r a c t e d  t h e  
b i r d s .  Granivores  d i d  n o t  seem t o  be a s s o c i a t e d  w i t h  any p a r t i c u l a r  
s p e c i e s  of shrub on t h e  r e v e g e t a t i o n  s i t e s .  Number of s p e c i e s  of 
g ran ivorous  p a s s e r i n e s  was a l s o  a s s o c i a t e d  w i t h  t h e  number of sh rubs  
( F i g .  5-9). 

Management conc lus ion :  To a t t r a c t  h i g h  d e n s i t i e s  and d i v e r s i t i e s  of 
p a s s e r i n e  g r a n i v o r e s ,  l a r g e  numbers of sh rubs  must be p r e s e n t .  

Gambel Qua i l .  When d e n s i t i e s  of q u a i l  were l a r g e r  t h a n  a v e r a g e ,  q u a i l  
bush w a s  p r e s e n t  i n  s i g n i f i c a n t l y  l a r g e r  numbers t h a n  average  ( F i g .  
5-10). The o r i g i n a l  a n a l y s i s  i n d i c a t e d  an a s s o c i a t i o n  between q u a i l  and 
shrubs  (F ig .  5-5). With t h i s  a d d i t i o n a l  a n a l y s i s ,  we have achieved 
a d d i t i o n a l  i n s i g h t .  Quai l  were c o n s i s t e n t l y  p r e s e n t  i n  above-average 
d e n s i t i e s  only  when q u a i l  bush was abundant;  above-average q u a i l  
d e n s i t i e s  were e r r a t i c a l l y  a s s o c i a t e d  w i t h  o t h e r  sh rubs .  

Q u a i l  were a l s o  a s s o c i a t e d  w i t h  f o l i a g e  d e n s i t y  and d i v e r s i t y  on t h e  
r e v e g e t a t i o n  s i t e s .  I n  t h e  o r i g i n a l  a n a l y s i s  of t h e  r i p a r i a n  
v e g e t a t i o n ,  q u a i l  were a s s o c i a t e d  on ly  weakly w i t h  DL. The s t r o n g e r  
a s s o c i a t i o n  between q u a i l  and f o l i a g e  d e n s i t y  a t  0-0.6 m on t h e  
r e v e g e t a t i o n  p l o t s  occurred because  q u a i l  bush made up a  l a r g e  
p r o p o r t i o n  of t h e  f o l i a g e  d e n s i t y  a t  t h i s  l e v e l .  

Management conc lus ion :  To i n c r e a s e  q u a i l  numbers, e s p e c i a l l y  around 
a g r i c u l t u r a l  a r e a s ,  dense  s t a n d s  of q u a i l  bush should be p l a n t e d  i n  
c l o s e  proximity  t o  c u l t i v a t e d  f i e l d s .  See Chapter  8  f o r  an  in-depth  
d i s c u s s i o n  of q u a i l  h a b i t a t  needs.  

Permanent Res iden t  I n s e c t i v o r e s .  D e n s i t i e s  of permanent r e s i d e n t  
i n s e c t i v o r e s  averaged h i g h e r  t h a n  t h e  average f o r  r i p a r i a n  v e g e t a t i o n  
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F i g u r e  5-9. The r e l a t i o n s h i p  between d e n s i t y  and s p e c i e s  r i c h n e s s  o f  
p a s s e r i n e  g r a n i v o r e s  w i t h  t h e  number of s h r u b s  on t h e  
r e v e g e t a t i o n  s i t e s .  The b i r d  v a r i a b l e s  a r e  expressed  i n  
terms of s t a n d a r d  d e v i a t i o n  u n i t s  r e l a t i v e  t o  t h e  average  
f o r  r i p a r i a n  v e g e t a t i o n  a l o n g  t h e  lower Colorado R i v e r .  
The number of s h r u b s  i s  expressed  a s  s t a n d a r d  d e v i a t i o n s  
of t h e  mean f o r  r i p a r i a n  v e g e t a t i o n .  'The numbers a d j a c e n t  
t o  t h e  mean r e p r e s e n t  sample s i z e s .  S tandard  s c o r e s  f o r  
d e n s i t y  and s p e c i e s  r i c h n e s s  of g r a n i v o r e s  a r e  g iven  on t h e  
top  graph. The a s s o c i a t e d  s t a n d a r d  s c o r e  f o r  number o f  
sh rubs  i s  g iven  on t h e  bottom graph. A s i g n i f i c a n t  r e l a t i o n -  
s h i p  between g r a n i v o r e s  and s h r u b s  i s  i n d i c a t e d  when a s h i f t  
i n  s h r u b s  (up o r  down t h e  s t a n d a r d  s c o r e  s c a l e )  i s  r e f l e c t e d  
by a  s i m i l a r  s h i f t  i n  t h e  g r a n i v o r e  v a r i a b l e .  
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GAMBEL QUAIL 

QUAIL BUSH 

F i g u r e  5-10. Changes i n  Gambel Q u a i l  d e n s i t i e s  when q u a i l  bush  
d e n s i t i e s  were  above and below t h e  a v e r a g e  f o r  
r i p a r i a n  v e g e t a t i o n .  Symbols a s  i n  F i g u r e  5-6. 
See F i g u r e  5-9 f o r  f u r t h e r  e x p l a n a t i o n .  
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when q u a i l  bush and cottonwood and wi l low t r e e s  were p r e s e n t  i n  
r e l a t i v e l y  l a r g e  numbers ( F i g .  5-11). S i n c e  t h e s e  two v a r i a b l e s  were 
n o t  h i g h l y  c o r r e l a t e d  wi th  each o t h e r ,  i t  i s  a p p a r e n t  t h a t  b o t h  a t t r a c t  
permanent r e s i d e n t s .  

I n  t h e  a n a l y s i s  of r i p a r i a n  v e g e t a t i o n ,  t o t a l  f o l i a g e  d e n s i t y  and 
d i v e r s i t y ,  cottonwood, wi l low,  and honey mesqu i te  t r e e s ,  and shrubs  were 
a s s o c i a t e d  w i t h  d e n s i t i e s  of permanent r e s i d e n t  i n s e c t i v o r e s  ( F i g .  5-5). 
Ana lys i s  of t h e  r e v e g e t a t i o n  s i t e  d a t a  showed t h a t  f o l i a g e  d e n s i t y  d i d  
n o t  a t t r a c t  t h i s  group. I n  t h e  a n a l y s i s  f o r  a l l  r i p a r i a n  h a b i t a t s ,  
n e i t h e r  t o t a l  f o l i a g e  d e n s i t y  nor  permanent r e s i d e n t  i n s e c t i v o r e s  were 
c o r r e l a t e d  w i t h  DL (F ig .  5-5). On t h e  r e v e g e t a t i o n  s i t es ,  DL was 
s t r o n g l y  c o r r e l a t e d  w i t h  t o t a l  f o l i a g e  d e n s i t y  ( T a b l e  5 - I ) ,  and s o  were 
t h e  b i r d s .  F o l i a g e  d e n s i t y  was l a r g e l y  r e l a t e d  t o  sh rub  d e n s i t y  on t h e  
r e v e g e t a t i o n  s i t e s .  I n  t h e  o r i g i n a l  a n a l y s i s ,  h i g h  f o l i a g e  d e n s i t y  was 
a s s o c i a t e d  w i t h  h i g h  d e n s i t i e s  of cottonwood and wi l low t r e e s ;  on t h e  
r e v e g e t a t i o n  p l o t s ,  t h i s  a s s o c i a t i o n  was n o t  s i g n i f i c a n t .  We a l s o  know, 
t h e n ,  t h a t  i t  was t h e  t r e e s  and n o t  f o l i a g e  d e n s i t y  t h a t  a t t r a c t e d  
permanent r e s i d e n t  i n s e c t i v o r e s .  (One can have h i g h  f o l i a g e  d e n s i t y  
wi thou t  having t h e s e  t r e e  s p e c i e s  p r e s e n t . )  FHD was a s s o c i a t e d  w i t h  t h e  
number of cottonwood and wi l low t r e e s  and t o t a l  f o l i a g e  d e n s i t y  i n  t h e  
o r i g i n a l  a n a l y s i s ,  b u t  n o t  on t h e  r e v e g e t a t i o n  p l o t s .  However, 
d e n s i t i e s  of r e s i d e n t  i n s e c t i v o r e s  on t h e  r e v e g e t a t i o n  s i t e s  were h i g h  
when FHD was below average  bu t  t h e  number of cottonwood and wi l low t r e e s  
was above average .  Thus, FHD was n o t  impor tan t  t o  r e s i d e n t  
i n s e c t i v o r e s .  H o r i z o n t a l  p a t c h i n e s s  was a l s o  i m p l i c a t e d  a s  an impor tan t  
f a c t o r  i n  t h e  f i r s t  a n a l y s i s  ( F i g .  5-5) because  of i t s  i n t e r c o r r e l a t i o n  
w i t h  f o l i a g e  d e n s i t y  and t h e  number of cottonwood and wi l low t r e e s .  
Although p a t c h i n e s s  may be i m p o r t a n t ,  i t  i s  probably  n o t  p a t c h i n e s s ,  p e r  
s e ,  t h a t  a t t r a c t s  permanent r e s i d e n t  i n s e c t i v o r e s ,  b u t  r a t h e r  a r e a s  w i t h  
h i g h  d e n s i t i e s  of q u a i l  bush and cottonwood and wi l low t r e e s .  
R e l a t i v e l y  h i g h  p a t c h i n e s s  i s  t h e  i n e v i t a b l e  r e s u l t  when t h e r e  a r e  l a r g e  
numbers of q u a i l  bush and cottonwood and wi l low t r e e s  i n  an a r e a .  

Management conc lus ion :  High d e n s i t i e s  of permanent r e s i d e n t  
i n s e c t i v o r e s  w i l l  be a t t r a c t e d  i f  t h e r e  a r e  a l t e r n a t i n g  p a t c h e s  of 
cottonwood and wi l low t r e e s  and q u a i l  bush.  

Dens i ty  of V i s i t i n g  I n s e c t i v o r e s .  I n  t h e  o r i g i n a l  a n a l y s i s ,  a c r o s s  a l l  
h a b i t a t s  d e n s i t y  of v i s i t i n g  i n s e c t i v o r e s  was s t r o n g l y  a s s o c i a t e d  w i t h  
DD ( F i g .  5-5). We can e l i m i n a t e  FHD and t o t a l  f o l i a g e  d e n s i t y  a s  t h e  
pr imary v a r i a b l e s  a f f e c t i n g  v i s i t i n g  i n s e c t i v o r e s ,  u s i n g  t h e  same l o g i c  
a s  f o r  permanent r e s i d e n t  i n s e c t i v o r e s .  ( I t  i s  p o s s i b l e  t o  have h i g h  
FHD a n d / o r  h igh  f o l i a g e  d e n s i t y  wi thou t  having cottonwood and wi l low 
t r e e s . )  The number of cottonwood and wi l low t r e e s  was presumably a n  
impor tan t  f a c t o r  ( F i g .  5-12). But p a t c h i n e s s ,  r a t h e r  than  s h r u b s ,  
appeared t o  be more important  t o  v i s i t i n g  i n s e c t i v o r e s .  It seems l i k e l y  
t h a t  a t  l e a s t  some v i s i t i n g  i n s e c t i v o r e s  (Blue Grosbeak) were a t t r a c t e d  
t o  low-level v e g e t a t i o n  ( a  t a l l  t r e e  can have v e g e t a t i o n  a t  low l e v e l s )  
o t h e r  t h a n  shrubs  and perhaps t o  a  pa tchy  s i t u a t i o n  i t s e l f .  Th i s  p o i n t  
needs  f u r t h e r  r e s e a r c h ,  b u t  i t  seems l i k e l y  t h a t  s a l l i e r s ,  such a s  t h e  
Western Kingbird  and Ash-throated F l y c a t c h e r ,  may p r e f e r  patchy a r e a s .  
Some v i s i t i n g  i n s e c t i v o r e s  were a t t r a c t e d  t o  q u a i l  bush (Anderson e t  a l .  
1978).  
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DENSITY OF PERMANENT 
RESIDENT INSECTIVORES 
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a 
a WILLOW TREES 

Figure  5-11. Changes i n  d e n s i t i e s  of permanent r e s i d e n t  i n s e c t i v o r e s  
when d e n s i t i e s  of cottonwood and wi l low t r e e s  and q u a i l  
bush were above and below t h e  average  f o r  r i p a r i a n  vege- 
t a t i o n .  Symbols a s  i n  F i g u r e  5-6. Here when s t a n d a r d  
s c o r e s  f o r  PRI  were h i g h e s t ,  s c o r e s  f o r  q u a i l  bush and 
cottonwood-willow t r e e s  were a l s o  h i g h e s t .  I t  cannot  be 
determined from t h e s e  d a t a  whether  t h e  b i r d s  were respond- 
i n g  t o  one o r  both  of t h e s e  v e g e t a t i o n  v a r i a b l e s .  
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DENSITY OF VISITING 
INSECTIVORES 

3.OTTONWOOD AND TOTAL 
WILLOW TREES PATCHINESS 

Figure 5-12. Changes i n  d e n s i t y  of v i s i t i n g  i n s e c t i v o r e s  when t h e  number 
of cottonwood and willow t r e e s  and t o t a l  pa t ch ines s  was near  
average and below average f o r  r i p a r i a n  vege t a t i on .  In t e rp re -  
t a t i o n  of t h i s  graph fol lows t h e  l o g i c  presen ted  i n  Figures  
5-9 and 5-11. 
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Management conc lus ion :  To a t t r a c t  v i s i t i n g  i n s e c t i v o r e s ,  deve lop  a r e a s  
i n  such a  way t h a t  cottonwood and wi l low t r e e s  and q u a i l  bush a r e  
p r e s e n t  i n  pa tches  i n  above-average d e n s i t i e s  p e r  u n i t  a r e a  ( T a b l e  2-1). 

Doves. Doves were a t t r a c t e d  t o  t h e  t r e e s  on t h e  r e v e g e t a t i o n  p l o t s  
( F i g .  5-13). Doves were p r e s e n t  i n  above-average numbers when t h e r e  
were t r e e s  and no shrubs  o r  t r e e s  and many s h r u b s ,  b u t  n o t  when t h e r e  
were sh rubs  a l o n e .  Although our  d a t a  do n o t  a d d r e s s  t h i s  p o i n t ,  o u r  
p e r s o n a l  o b s e r v a t i o n s  l e a d  us  t o  b e l i e v e  t h a t  a  r a t h e r  open s t a n d  of 
t r e e s ,  o r  dense  pa tches  of t r e e s  mixed w i t h  p a t c h e s  of s h r u b s ,  o r  even 
r a t h e r  s p a r s e l y  v e g e t a t e d  p a t c h e s  of t r e e s  might c o n s i s t e n t l y  a t t r a c t  
t h e  g r e a t e s t  numbers of doves a c r o s s  a l l  seasons .  Although dense  s t a n d s  
of t r e e s  supported l a r g e  b reed ing  d e n s i t i e s  of doves ,  t h e y  d i d  n o t  
a t t r a c t  doves i n  f a l l  o r  w i n t e r .  

Management conc lus ion :  To a t t r a c t  doves ,  p l a n t  t r e e s  i n  v a r y i n g  
d e n s i t i e s .  We cannot  de te rmine  from our  d a t a  p r e c i s e l y  how t a l l  t h e  
t r e e s  must be. Persona l  o b s e r v a t i o n  s u g g e s t s  15-25 f t  a s  adequate .  
Trees  t a l l e r  than  40 f t  could have a  n e g a t i v e  i n f l u e n c e .  

T o t a l  D e n s i t i e s .  T o t a l  b i r d  d e n s i t i e s  were b e s t  exp la ined  by t h e  amount 
of q u a i l  bush,  which a t t r a c t e d  g r a n i v o r e s ,  permanent r e s i d e n t  . 
i n s e c t i v o r e s ,  and q u a i l ,  and by t h e  number of cottonwood and wi l low 
t r e e s ,  which a t t r a c t e d  r e s i d e n t  and v i s i t i n g  i n s e c t i v o r e s  and doves 
(F ig .  5-14). Bird  d e n s i t i e s  a l s o  were g r e a t e r  when p a t c h i n e s s  was 
g r e a t e r ,  bu t  i f  t h e r e  a r e  dense  p a t c h e s  of q u a i l  bush,  a s  w e l l  a s  dense  
p a t c h e s  of t r e e s ,  t h e  a r e a  w i l l ,  of c o u r s e ,  be  h o r i z o n t a l l y  patchy a t  
one o r  more v e r t i c a l  l a y e r s .  P a t c h i n e s s ,  by i t s e l f ,  may n o t  be 
p a r t i c u l a r l y  impor tan t ;  i t  i s  t h e  s p e c i f i c  p l a n t  s p e c i e s  t h a t  a t t r a c t s  
t h e  b i r d s .  

Data from t h e  r e v e g e t a t i o n  s i t e s  do n o t  a l l o w  a  c l e a r  e v a l u a t i o n  of 
whether o t h e r  t r e e  s p e c i e s  a r e  a s  v a l u a b l e  a s  cottonwood and wi l low,  b u t  
t h e  i n i t i a l  a n a l y s i s  i n d i c a t e s  t h a t  cottonwood and wi l low t r e e s  a r e  
b e t t e r ,  i n  g e n e r a l ,  than  o t h e r  t r e e  s p e c i e s  ( F i g .  5-5). S ince  m i s t l e t o e  
p r i m a r i l y  a t t a c k s  honey m e s q u i t e ,  t h i s  s p e c i e s  of t r e e  h a s  t h e  g r e a t e s t  
p o t e n t i a l  f o r  a t t r a c t i n g  f r u g i v o r e s .  

Management conc lus ion :  To a t t r a c t  t h e  g r e a t e s t  number of b i r d s ,  a n  a r e a  
must have shrubs  ( p r e f e r a b l y  q u a i l  bush) and t r e e s  ( p r e f e r a b l y  
cottonwood and wi l low).  Some a d d i t i o n a l  enhancement might be p o s s i b l e  
by d e s i g n i n g  t h e  a r e a  so t h a t  t h e r e  a r e  a l t e r n a t i n g  p a t c h e s  (150 X 150 m 
[400 X 400 f t ] )  of t r e e s  and shrubs .  Inkweed should be inc luded  t o  
enhance popula t ions  of Sage Sparrows (Anderson e t  a l .  1978, Meents e t  
a l .  1981). The presence of honey mesqu i te  i n c r e a s e s  t h e  l i k e l i h o o d  of 
m i s t l e t o e  being p r e s e n t ;  m i s t l e t o e  i s  an e s s e n t i a l  h a b i t a t  component f o r  
f r u g i v o r e s  (Anderson and Ohmart 1978).  

T o t a l  Spec ies .  Designing an  a r e a  t o  maximize d e n s i t i e s  w i l l  a l s o  
maximize s p e c i e s  r i c h n e s s .  A h o r i z o n t a l l y  pa tchy  environment might be 
more important  f o r  maximizing r i c h n e s s  than  i t  i s  f o r  maximizing 
d e n s i t i e s  ( F i g .  5-15). 
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DOVES 

COTTONWOOD AND 
WILLOW TREES 

F i g u r e  5-13. Changes i n  t h e  number o f  doves  when t h e  number o f  
co t tonwood and w i l l o w  t r e e s  w a s  above  and be low 
a v e r a g e  f o r  r i p a r i a n  v e g e t a t i o n .  Symbols a s  i n  
F i g u r e  5-6. I n t e r p r e t a t i o n  o f  t h i s  g r a p h  f o l l o w s  
t h e  l o g i c  p r e s e n t e d  i n  F i g u r e  5-9. 
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TOTAL DENSITIES 

QUAIL BUSH COTTONWOOD AND 

WILLOW TREES 

F i g u r e  5-14. Changes i n  t h e  t o t a l  b i r d  d e n s i t y  when d e n s i t y  o f  q u a i l  bush 
and cottonwood and wi l low t r e e s  was above and below average .  
Symbols a s  i n  F i g u r e  5-6. I n t e r p r e t a t i o n  o f  t h i s  graph f o l -  
lows t h e  l o g i c  p r e s e n t e d  i n  F i g u r e s  5-9 and 5-11. 
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TOTAL SPECIES 

TOTA 
PATCHINESS 

C~TTONWOOD AND 
WILLOW TREES 

Figure  5-15. Changes i n  t o t a l  s p e c i e s  r i c h n e s s  when t o t a l  p a t c h i n e s s  and 
d e n s i t y  of cottonwood and wi l low t r e e s  were above and below 
average f o r  r i p a r i a n  v e g e t a t i o n .  Symbols a s  i n  F i g u r e  5-6. 
I n t e r p r e t a t i o n  o f  t h i s  graph f o l l o w s  t h e  l o g i c  p r e s e n t e d  i n  
F i g u r e s  5-9 and 5-11. 
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The results in this chapter using guilds and pooled habitat types have 
also been analyzed with transect-by-transect considerations of 
species-by-species distributions (Rice et al. 1983, in press). The two 
approaches have yielded essentially the same results (Anderson et al. 
1983). 
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Appendix 5-1. Factor scores for each plant community type for each year. The 
four principal components were derived from a principal 
components analysis. SB = screwbean mesquite, CW = 
cottonwood-willow, SC = salt cedar, HM = honey mesquite, AW = 
arrowweed, SH = salt cedarlhoney mesquite. 
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Appendix 5-1. (cont.) 
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Appendix 5-1. (cont . )  
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Appendix 5-1. (cont.) 
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type 1976 1977 1978 1979 



V e g e t a t i o n  Management - 212 

CHAPTER 6 

AVIAN COMMUNITY ORGANIZATION I N  MATURE COTTONWOOD-WILLOW HABITAT 

INTRODUCTION 

Avian i n v e n t o r i e s  i n  t h e  lower Colorado River  v a l l e y  have provided much 
i n f o r m a t i o n  on p a t t e r n s  of abundance and d i s t r i b u t i o n  t h a t  a r e  d e s c r i b e d  
i n  t h i s  r e p o r t .  These p a t t e r n s  have g e n e r a l l y  invo lved  l a r g e - s c a l e  
comparisons of p l a n t  communities,  s p e c i e s '  h a b i t a t  p r e f e r e n c e s ,  and 
s e a s o n a l  and year-to-year community dynamics. These r e s u l t s  p a i n t  a  
broad p i c t u r e  of a v i a n  r e l a t i o n s h i p s  t h a t  i s  e s s e n t i a l  f o r  t h e  p roper  
e v a l u a t i o n  and management of d e s e r t  r i p a r i a n  communities. 

The f i n e  d e t a i l s  of i n d i v i d u a l  s p e c i e s  ecology a r e  n o t  d e s c r i b e d  i n  t h i s  
r e p o r t .  Knowledge of t h e  m i c r o h a b i t a t  p r e f e r e n c e s ,  b e h a v i o r a l  
r e p e r t o i r e s ,  and d i e t a r y  needs  of a  s i n g l e  community of b i r d s  can 
p rov ide  much i n s i g h t  on t h e  i n t e r p r e t a t i o n  of l a r g e - s c a l e  p a t t e r n s  of 
abundance and d i s t r i b u t i o n .  I n  t h e  lower Colorado River  v a l l e y ,  we have 
shown t h a t  mature cottonwood-willow communities suppor t  ex t remely  h i g h  
d e n s i t i e s  and d i v e r s i t i e s  of a v i a n  s p e c i e s ,  compared w i t h  most o t h e r  
v e g e t a t i o n  types  ( s e e  Chapter  5 ) .  Cottonwood-willow a s s o c i a t i o n s  once 
dominated t h e  v a l l e y  b u t  now p e r s i s t  o n l y  i n  smal l  remnant s t a n d s  
(Ohmart e t  a l .  1977).  However, t h e s e  communities a r e  impor tan t  t o  
s e v e r a l  r a r e  o r  s p e c i a l i z e d  b reed ing  b i r d s .  

To b e t t e r  unders tand t h e  needs  and t o l e r a n c e s  of w i l d l i f e  s p e c i e s ,  and 
t o  d e s c r i b e  t h e  b reed ing  b i r d  community o r g a n i z a t i o n  of t h e  remaining 
cottonwood-willow h a b i t a t s ,  we chose t o  examine a  s t u d y  p l o t  i n  a mature  
s t a n d  of cottonwoods and willows i n  t h e  B i l l  Will iams River  d e l t a .  The 
g e n e r a l  approach of t h e  s t u d y  was t o  r e c o r d  i n  d e t a i l  t h e  d e n s i t i e s ,  
m i c r o h a b i t a t  p r e f e r e n c e s ,  f o r a g i n g  behav ior ,  and d i e t s  of a l l  d i u r n a l  
i n s e c t i v o r o u s  s p e c i e s  b reed ing  on t h e  p l o t .  In  t h e  fo l lowing  a n a l y s e s ,  
each s e t  of e c o l o g i c a l  measures is  used s e p a r a t e l y  t o  t e s t  f o r  
d i f f e r e n c e s  among t h e  s p e c i e s  and t o  i d e n t i f y  t h e  most impor tan t  
components of t h e s e  e c o l o g i c a l  d i f f e r e n c e s .  

S p e c i f i c a l l y ,  a n a l y s e s  of h a b i t a t  measures were des igned  t o  answer t h e  
fo l lowing  questions: 

1. Do i n d i v i d u a l  a v i a n  s p e c i e s  have p r e f e r e n c e s  f o r  s p e c i f i c  
m i c r o h a b i t a t s  w i t h i n  t h e  s t u d y  p l o t ?  

2. Are t h e r e  a s s o c i a t i o n s  between s p e c i f i c  b i r d  s p e c i e s  and 
s p e c i f i c  p l a n t  s p e c i e s ?  

3.  Are t h e r e  n e g a t i v e  a s s o c i a t i o n s  among a v i a n  s p e c i e s  a t  s p e c i f i c  
p o i n t s  i n  t h e  h a b i t a t  (e .g . ,  a r e  they d i v i d i n g  h o r i z o n t a l  
space)  ? 

4. Which h a b i t a t  f a c t o r  o r  f a c t o r s  a r e  most impor tan t  i n  
c o n t r i b u t i n g  t o  t h e  s t r u c t u r e  of t h e  b i r d  community? 
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S i m i l a r l y ,  a n a l y s e s  of a v i a n  f o r a g i n g  behav ior  and d i e t  were des igned  t o  
answer t h e  fo l lowing  q u e s t i o n s :  

1. Do b i r d  s p e c i e s  d i f f e r  s i g n i f i c a n t l y  i n  t h e i r  p a t t e r n s  of 
f o r a g i n g  behav ior  o r  d i e t  (e .g . ,  a r e  they  d i v i d i n g  v e r t i c a l  
space)  ? 

2. How much a c t u a l  e c o l o g i c a l  o v e r l a p  i s  a s s o c i a t e d  w i t h  t h e s e  
r e l a t i o n s h i p s ?  

3. Which v a r i a b l e s  a r e  most impor tan t  i n  s e p a r a t i n g  p a i r s  o r  
groups  of b i r d  s p e c i e s ?  

4. How does  t h e  e n t i r e  b i r d  community e x p l o i t  e x i s t i n g  f o r a g i n g  
o p p o r t u n i t i e s  and a v a i l a b l e  r e s o u r c e s ?  

METHODS 

Study Area and General  Methods 

This  s t u d y  was conducted over two complete b reed ing  s e a s o n s ,  from 
January  through J u l y  1977 and from February  through August 1978. The 
20-ha s t u d y  p l o t  was a long  t h e  B i l l  Wil l iams R i v e r ,  abou t  3  km from i t s  
d e l t a  a t  Lake Havasu i n  Yuma County,  Arizona  a at. 3 4 ' 1 8 ' ~ ,  Long. 
1 1 4 ° 0 7 ' ~ ,  e l e v a t i o n  100 m). The s t u d y  a r e a  was p a r t  of a  con t inuous  
f o r e s t  s t a n d  of about 100 ha and was bordered a b r u p t l y  on one s i d e  by 
Sonoran Deser t  sc rub .  Th is  s t a n d  l i e s  w i t h i n  t h e  Havasu N a t i o n a l  
W i l d l i f e  Refuge and i s  t h e  l a r g e s t  remaining t a l l  f o r e s t  s t a n d  i n  t h e  
lower Colorado River v a l l e y .  

The dominant t r e e  s p e c i e s  were cottonwood and wi l low w i t h  a  patchy 
u n d e r s t o r y  of t h e  e x o t i c  s a l t  cedar .  The s o i l  was wet throughout  t h e  
y e a r ,  a l t h o u g h  water  l e v e l  on t h e  s t u d y  p l o t  d i d  n o t  f l u c t u a t e  w i t h  t h e  
main r i v e r  channel .  C a t - t a i l s ,  b u l r u s h e s ,  and a  p e r e n n i a l  h e r b ,  
yerba-mansa, formed a dense  but pa tchy  ground cover  i n  summer, and much 
of t h e  s t a n d  was l i t t e r e d  wi th  decayed and r o t t i n g  wood. A narrow,  
l i n e a r  s t r i p  of honey mesqui te  and arrowweed occur red  a long  t h e  r i p a r i a n  
f o r e s t - d e s e r t  edge. The f o r e s t  s t a n d  h a s  been typed as cottonwood- 
wi l low I ,  and c o n s t i t u t e s  v i r t u a l l y  t h e  o n l y  mature  v e g e t a t i o n  of t h i s  
t y p e  i n  t h e  v a l l e y .  

P r e c i p i t a t i o n ,  a s  measured a t  P a r k e r ,  Yuma County, was c o n s i s t e n t l y  low, 
t o t a l i n g  2 cm dur ing  t h e  1977 n e s t i n g  season  and 11.5 cm d u r i n g  t h e  y e a r  
1978. Temperature v a r i e d  from - 6 ' ~  t o  3 3 ' ~  i n  e a r l y  s p r i n g ,  and from 
8 ' ~  t o  4 3 ' ~  i n  summer. Temperature exceeded 3 8 ' ~  n e a r l y  e v e r y  day a f t e r  
June  1. The weather b o t h  y e a r s  was s i m i l a r ,  and t h e  r e s u l t i n g  phenology 
of t h e  v e g e t a t i o n  was n e a r l y  i d e n t i c a l .  

The s tudy  a r e a  was v i s i t e d  63 days i n  1977 and 40 days i n  1978; v i s i t s  
v a r i e d  from 4  t o  11 days per  month. S e v e r a l  a s s i s t a n t s  were p r e s e n t  on 
most v i s i t s .  ,4n e s t i m a t e d  t o t a l  of 1,000 man-hours was s p e n t  on d a t a  
c o l l e c t i o n  f o r  t h i s  c h a p t e r .  
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Line  t r a n s e c t  census ing ,  spot-mapping, and o b s e r v a t i o n s  of a v i a n  
f o r a g i n g  behav ior  were u s u a l l y  conducted s i m u l t a n e o u s l y  d u r i n g  t h e  
morning hours .  H a b i t a t  measurements and d a t a  t r a n s c r i p t i o n  were 
under taken d u r i n g  p e r i o d s  of minimal b i r d  a c t i v i t y .  

The g e n e r a l  d e s i g n  of d a t a  a n a l y s i s  was t o  examine v a r i a b l e s  i n  t h r e e  
major s e t s :  m i c r o h a b i t a t  u s e ,  f o r a g i n g  b e h a v i o r ,  and d i e t  and 
morphology. Within  each s e t ,  i n d i v i d u a l  s p e c i e s  p a t t e r n s  were 
i d e n t i f i e d  and compared, u s i n g  a  v a r i e t y  of u n i v a r i a t e  t echn iques .  

Densi ty  and Breeding Phenology 

Two l i n e  t r a n s e c t s ,  each approximately  0.8 km l o n g ,  t r a v e r s e d  t h e  s t u d y  
p l o t  and a d j a c e n t  f o r e s t .  B i rds  were censused t h r e e  t o  f o u r  t imes  per  
month u s i n g  a  v a r i a b l e - d i s t a n c e  l i n e  census  (Emlen 1971, 1977).  A l l  
censuses  were conducted s h o r t l y  a f t e r  s u n r i s e .  Censuses from January  
through J u l y  1977 and from February through August 1978 were cons idered  
i n  t h e  p r e s e n t  s tudy.  

I n  a d d i t i o n ,  t h e  20-ha p l o t  was g r idded  a t  20-m i n t e r v a l s  w i t h  
su rveyor ' s  t a p e ,  and each g r i d  p o i n t  was marked w i t h  a  c o o r d i n a t e  
number. D e t e c t i o n s  of a l l  t e r r i t o r i a l  b reed ing  s p e c i e s  were recorded on 
d a i l y  f i e l d  maps, w i t h  s p e c i a l  a t t e n t i o n  g iven  t o  l o c a t i n g  n e s t s ,  
fo l lowing  known p a i r s ,  and de te rmin ing  t e r r i t o r i a l  boundar ies .  The g r i d  
was walked randomly, excep t  dur ing  s t r i p  c e n s u s e s ,  w i t h  a l l  p a r t s  
r e c e i v i n g  approximately  e q u a l  coverage.  Number of p a i r s  and r e l a t i v e  
t e r r i t o r y  s i z e  were determined from t h e  composi te  of f i e l d  maps f o r  each 
season.  F i n a l  e s t i m a t e s  of breeding b i r d  d e n s i t i e s  were t aken  from b o t h  
s p o t  map d a t a  and l i n e  t r a n s e c t  censuses .  

The fo l lowing  d a t a  on b reed ing  b io logy  were recorded :  d a t e  of f i r s t  
a r r i v a l  ( f o r  summer v i s i t o r s ) ,  n e s t  l o c a t i o n  and h e i g h t ,  p a r e n t a l  
behav ior  such a s  n e s t  b u i l d i n g  and f e e d i n g  young, d a t e  of f l e d g i n g  f o r  
each l o c a t e d  n e s t ,  number of f l e d g l i n g s  observed ,  and o b s e r v a t i o n s  of 
pos t -nes t ing  d i s p e r s a l .  No a t t empt  was made t o  q u a n t i f y  f l e d g i n g  
s u c c e s s  a t  i n d i v i d u a l  n e s t s .  

M i c r o h a b i t a t  

A t  each of 281 numbered g r i d  p o i n t s ,  measurements of r e l a t i v e  f o l i a g e  
d e n s i t y  (MacArthur and MacArthur 1961) were t a k e n  a t  11 h e i g h t  
i n t e r v a l s :  0-0.02 m ,  0.6 m y  1.5 m y  3.0 m ,  4.5 m ,  6.0 m ,  9.0 m ,  12.0 m ,  
15.0 m ,  18.0 m ,  and 21.0 m (Anderson e t  a l .  1977a).  By f a c i n g  i n  f o u r  
p e r p e n d i c u l a r  d i r e c t i o n s ,  f o u r  samples were ob ta ined  f o r  each g r i d  
p o i n t .  These d a t a  were used t o  c o n s t r u c t  a  f o l i a g e  d e n s i t y  p r o f i l e  f o r  
each  p o i n t .  Dominant canopy and u n d e r s t o r y  p l a n t  s p e c i e s ,  a s  w e l l  a s  
d i s t a n c e  from t h e  d e s e r t - r i p a r i a n  edge ,  were a l s o  recorded f o r  each 
p o i n t .  I n  a d d i t i o n ,  d i r e c t  coun ts  of a l l  t r e e s  w i t h i n  15 m of t h e  l i n e  
t r a n s e c t s  were made t o  de te rmine  r e l a t i v e  d e n s i t y  of each t r e e  s p e c i e s  
i n  t h e  s t u d y  p l o t .  

Each b i r d  d e t e c t i o n  was ass igned  i t s  c l o s e s t  g r i d  c o o r d i n a t e  number from 
t h e  d a i l y  f i e l d  maps. Males and females  were t r e a t e d  e q u a l l y  because 
a c t i v i t i e s  of a l l  i n d i v i d u a l s  were cons idered  impor tan t  i n d i c a t o r s  of a 
s p e c i e s '  m i c r o h a b i t a t  p re fe rence .  
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For each b i r d  s p e c i e s ,  f o l i a g e  d e n s i t y  measurements were weighted by 
t h a t  s p e c i e s '  f r equency  of occur rence  a t  each g r i d  p o i n t .  The weighted 
mean f o l i a g e  d e n s i t i e s  a t  a l l  h e i g h t s  were t h e n  used t o  c o n s t r u c t  a  
f o l i a g e  d e n s i t y  p r o f i l e  f o r  t h a t  s p e c i e s .  A s i g n i f i c a n t  d i f f e r e n c e  
between any s p e c i e s '  p r o f i l e  and t h e  average  f o l i a g e  p r o f i l e  f o r  t h e  281 
p o i n t s  on t h e  p l o t  would i n d i c a t e  s e l e c t i o n  of a  p o r t i o n  of t h e  h a b i t a t  
by t h a t  s p e c i e s .  A t o t a l  of 1,482 b i r d  d e t e c t i o n s  i n  1977 and 1 ,800 
d e t e c t i o n s  i n  1978 of 12 s p e c i e s  were used i n  t h i s  a n a l y s i s .  Data from 
t h e  two y e a r s  were analyzed b o t h  s e p a r a t e l y  and combined. 

To t e s t  f o r  d i f f e r e n c e s  among s p e c i e s '  u s e  of v e r t i c a l  f o l i a g e  l a y e r s ,  a  
Kruskal-Wallis  nonparametr ic  one-way a n a l y s i s  of v a r i a n c e  (Hol lander  and 
Wolfe 1973) was performed s e p a r a t e l y  f o r  each f o l i a g e  l a y e r  a s  w e l l  a s  
f o r  d i s t a n c e  from t h e  d e s e r t  edge. Observa t ions  were t h e  weighted 
measurements of f o l i a g e  d e n s i t y  a t  each g r i d  p o i n t ,  and t r e a t m e n t s  were 
t h e  12 b i r d  s p e c i e s  ( f l i c k e r s  were p r e s e n t  i n  d e n s i t i e s  t o o  low t o  
war ran t  s t a t i s t i c a l  a n a l y s i s  f o r  h a b i t a t s ) .  For t h o s e  v a r i a b l e s  t h a t  
y i e l d e d  s i g n i f i c a n t  (P<0.05) H s t a t i s t i c s ,  a  Dunn's M u i t i p l e  Comparison 
(Hol lander  and Wolfe 1973) was performed on t h e  Kruskal-Wal l is  rank sums 
f o r  each s p e c i e s  t o  i d e n t i f y  t h o s e  s p e c i e s  p a i r s  t h a t  d i f f e r e d  
s i g n i f i c a n t l y .  The Kruskal-Wallis  H t e s t  was execu ted  by s u b r o u t i n e  
KRUWAL i n  s t a t i s t i c a l  package BMDP (Dixon 1975) ,  and t h e  Dunn's M u l t i p l e  
Comparison was executed by a  F o r t r a n  program (Webb 1979).  

To t e s t  f o r  a s s o c i a t i o n  between b i r d  s p e c i e s  and p l a n t  s p e c i e s ,  a  
Cramer's V s t a t i s t i c  was c a l c u l a t e d  based on t h e  p resence  o r  absence  of 
each b i r d  s p e c i e s  and each dominant p l a n t  s p e c i e s  a t  each of t h e  281 
p o i n t s  on t h e  s t u d y  p l o t  ( P i e l o u  1977:208-211). Because wi l low was a  
dominant t r e e  a t  n e a r l y  e v e r y  p o i n t ,  a s s o c i a t i o n s  between b i r d  s p e c i e s  
and wi l low were assumed and n o t  t e s t e d .  

S i m i l a r l y ,  a s s o c i a t i o n s  between p a i r s  of b i r d  s p e c i e s  were t e s t e d  
s e p a r a t e l y  f o r  each season based on f requency  of co-occurrence a t  each 
of t h e  281 p o i n t s .  The V s t a t i s t i c  i s  e s s e n t i a l l y  a  c o r r e l a t i o n  
co f f i c i e n t  and i t s  s i g n i f i c a n c e  was t e s t e d  by s i m u l t a n e o u s l y  computing 5 "X ," which approximates  a  ch i - square  d i s t r i b u t i o n  w i t h  1  d e g r e e  of 
freedom ( P i e l o u  1977:207). 

A rough measure of t h e  r e l a t i v e  d i s p e r s i o n  of each  s p e c i e s '  d i s t r i b u t i o n  
on t h e  p l o t  was ob ta ined  by d i v i d i n g  t h e  t o t a l  number of p o i n t s  where a  
s p e c i e s  occur red  by t h a t  s p e c i e s '  d e n s i t y  ( 4 4 0  h a ) .  Thus, i t  was 
assumed t h a t  a  common s p e c i e s  had a  h i g h e r  p r o b a b i l i t y  of be ing  d e t e c t e d  
a t  more p o i n t s  t h a n  d i d  a  r a r e  s p e c i e s  w i t h  a  similar d i s t r i b u t i o n .  

Foraging Behavior 

Foraging by b i r d s  was observed on t h e  s t u d y  p l o t  and i n  s i m i l a r  f o r e s t  
s t a n d s  a long  t h e  B i l l  W i l l i a m s  River .  A  f o r a g i n g  o b s e r v a t i o n  was 
d e f i n e d  a s  an a c t u a l  a t t empt  t o  p rocure  p r e y ,  and f o r  each o b s e r v a t i o n  
t h e  fo l lowing  d a t a  were recorded :  b i r d  s p e c i e s ,  l o c a t i o n ,  d a t e ,  t ime of 
day,  a i r  t empera tu re ,  wind speed ,  p e r c e n t  c loud cover  (by  e s t i m a t i o n ) ,  
f o r a g i n g  method ( g l e a n ,  hover ,  hawk, peck,  o r  p r o b e ) ,  h e i g h t  of b i r d  i n  
t r e e ,  t r e e  s p e c i e s ,  t r e e  h e i g h t ,  b ranch  d i a m e t e r ,  shade  o r  exposed sun ,  
p o r t i o n  of t r e e  ( i n n e r  o r  o u t e r ) ,  s u b s t r a t e  from which prey was c a p t u r e d  
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( l e a f ,  b a r k ,  ground, a i r ) ,  and t y p e  of p rey  ( i f  o b s e r v e d ) .  I n  a d d i t i o n ,  
any b i r d s  c l o s e  t o  o r  a s s o c i a t e d  w i t h  t h e  f o r a g i n g  i n d i v i d u a l  were 
n o t e d ,  a s  w e l l  a s  any i n s t a n c e s  of a g g r e s s i o n .  D e f i n i t i o n s  of f o r a g i n g  
measures and t h e  s t a t e s  of each  measure a r e  l i s t e d  i n  Appendix 6-1. 

An a t t e m p t  t o  observe  f o r a g i n g  w a s  made whenever a  b i r d  was s e e n ,  w i t h  
a d d i t i o n a l  e f f o r t  c o n c e n t r a t e d  on low-density b i r d  s p e c i e s  and t h o s e  
p r e s e n t  f o r  a  s h o r t  b reed ing  p e r i o d .  Near ly  a l l  o b s e r v a t i o n s  were made 
d u r i n g  t h e  morning,  because  b i r d  a c t i v i t y  d e c l i n e d  s h a r p l y  i n  t h e  h o t  
p a r t  of t h e  day. No a t t e m p t  was made t o  r e c o r d  s e q u e n t i a l  maneuvers by 
a  b i r d ,  and no more t h a n  f i v e  o b s e r v a t i o n s  were recorded  f o r  any 
i n d i v i d u a l  a t  one t ime. Too few o b s e r v a t i o n s  of Blue Grosbeak were 
o b t a i n e d  t o  war ran t  a n a l y s i s .  

F requenc ies  and p r o p o r t i o n s  of a l l  s t a t e s  of a l l  f o r a g i n g  measures were 
computed by subprogram CROSSTABS i n  SPSS (Nie  e t  a l .  1975).  These were 
computed f o r  each  y e a r  s e p a r a t e l y  and f o r  t h e  two s e a s o n s  combined. 

From t h e  d i s t r i b u t i o n  of p r o p o r t i o n s  of e a c h  f o r a g i n g  measure ,  a  
d i v e r s i t y  o r  n i c h e  b r e a d t h  v a l u e  was c a l c u l a t e d  f o r  e a c h  s p e c i e s  u s i n g  
B = ( ~ p . ~ ) - '  where p  i s  t h e  p r o p o r t i o n  of t h e  i t h  s t a t e  of t h e  measure 

i (Lev ins  1968).  B v a r l e s  from 0 t o  n ,  w i t h  n  s t a t e s  of a  measure,  and 
i n d i c a t e s  degree  of s p e c i a l i z a t i o n  a p p a r e n t  a l o n g  t h a t  n i c h e  a x i s  ( K a r r  
and James 1975) .  

The degree  of o v e r l a p  between s p e c i e s  p a i r s  ( i ,  j )  f o r  each  f o r a g i n g  
measure was c a l c u l a t e d  a s :  

where p  and p., a r e  t h e  p r o p o r t i o n a l  use  of r e s o u r c e  s t a t e  ( v e g e t a t i o n  i a  
v a r i a b l e ,  food j tem abundance,  e t c . )  "a" by s p e c i e s  i and j ,  
r e s p e c t i v e l y  (P ianka  1974, May 1975).  

To t e s t  f o r  a c t u a l  d i f f e r e n c e s  between s p e c i e s  f o r  each f o r a g i n g  
measure,  t h e  d i s t r i b u t i o n s  of t h e  s t a t e  of f r e q u e n c i e s  of each measure 
were compared f o r  goodness-of-f i t  u s i n g  G (Soka l  and Rohlf 

B 1969:575-577): When t h e  s t a t i s t i c a l  significance a s s o c i a t e d  w i t h  
d i f f e r e n t  d e g r e e s  of o v e r l a p  between s p e c i e s  a r e  compared d i r e c t l y ,  t h e  
b i o l o g i c a l  r e l e v a n c e  of each approach can be a s s e s s e d .  

D i e t  and Morphology . 

During J u l y  and August 1978, 110 b i r d s  of 15 s p e c i e s  were c o l l e c t e d  from 
r i p a r i a n  f o r e s t  s t a n d s  s i m i l a r  t o  t h e  s tudy  p l o t ,  and t h e i r  stomachs 
were immediately p rese rved .  Age, s e x ,  we igh t ,  b i l l  s i z e  (exposed 
culmen, d e p t h  and w i d t h ) ,  wing chord ,  f a t  c o n d i t i o n ,  and c o n d i t i o n  of 
mol t  were recorded  f o r  each specimen. A r e f e r e n c e  s e r i e s  of s k i n s  was 
p repared .  
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Stomach c o n t e n t s  were d r i e d  and weighed, and t h e i r  volumes were 
determined.  Length,  f r e q u e n c y ,  and percent-volume of each i n d i v i d u a l  
prey i t em were recorded.  A l l  a r th ropod  prey  were i d e n t i f i e d  t o  o r d e r  
and many were i d e n t i f i e d  t o  fami ly .  I d e n t i f i a b l e  i n s e c t  p a r t s  
c o n t r i b u t e d  t o  t h e  percent-voluue of t h a t  c a t e g o r y ,  b u t  n o t  t o  i t s  
f requency.  U n i d e n t i f i e d  p a r t s  were n o t  inc luded  i n  v o l u m e t r i c  a n a l y s i s .  

The importance of s e l e c t i n g  r e l e v a n t  c a t e g o r i c a l  d i v i s i o n s  i n  t h e  
computat ion of d i e t  d i v e r s i t y  and o v e r l a p s  has  been emphasized by 
Hespenheide (1975)  and o t h e r s .  S ince  a  m a j o r i t y  of i n s e c t  o r d e r s  show 
c o n s i s t e n t  f e a t u r e s  of form,  h a b i t ,  and c a t c h a b i l i t y ,  t h i s  l e v e l  was 
used i n  most c a s e s  t o  group prey i t ems  i n  t h i s  s tudy .  A few f a m i l i e s  
(e .g . ,  Cicadidae)  t h a t  were f r e q u e n t l y  i d e n t i f i e d  and t h a t  were 
cons idered  s u f f i c i e n t l y  d i f f e r e n t  from o t h e r s  i n  t h e i r  o r d e r  comprised 
d i s t i n c t  c a t e g o r i e s .  Soft-bodied l a r v a e  of s e v e r a l  o r d e r s  and a l l  
s p i d e r s  were cons idered  a s  two groups.  

For each b i r d  s p e c i e s ,  n i c h e  b r e a d t h  v a l u e s  were computed f o r  9 0 t h  - 1 f requency and percent-volume of prey c a t e g o r i e s  u s i n g  B = ( C p i )  , a s  
d e s c r i b e d  f o r  f o r a g i n g  measures.  The p r o p o r t i o n  and f requency  of each 
c a t e g o r y  f o r  a  s p e c i e s  was t h e  mean of t h e  p r o p o r t i o n  and f requency i n  
each stomach. Over lap m a t r i c e s  were prepared f o r  a l l  s p e c i e s  p a i r s ,  a s  
d e s c r i b e d  above. Prey i t ems  were a l s o  grouped i n t o  10- s i z e  c l a s s e s  
f o r  computation of p rey  s i z e  d i v e r s i t i e s  and o v e r l a p s ,  a s  above. The GH 
s t a t i s t i c  was used t o  t e s t  f o r  d i f f e r e n c e s  i n  t h e  mean prey  s i z e  and 
prey t a x a  f requency d i s t r i b u t i o n s  of each s p e c i e s  p a i r ,  a s  was done f o r  
f o r a g i n g  measures.  Percent-volume d a t a  were n o t  a p p r o p r i a t e  f o r  such 
comparisons.  

From morphological  measurements,  t h e  r a t i o  of t h e  v a l u e s  of each  measure 
f o r  any p a i r  of s p e c i e s  was used a s  an  index  of s i m i l a r i t y .  O v e r a l l  
morphological  s i m i l a r i t y  f o r  each s p e c i e s  p a i r  was t h e  average  of t h e  
s i m i l a r i t y  v a l u e s  f o r  each measure. Group average  c l u s t e r i n g  was 
performed on t h e  m a t r i x  of s i m i l a r i t y  v a l u e s ,  a s  f o r  f o r a g i n g  o v e r l a p s .  

I n s e c t  A v a i l a b i l i t y  

Although r e s o u r c e s  were n o t  sampled on t h e  s t u d y  p l o t ,  i n s e c t  sweep 
samples were a v a i l a b l e  (Anderson and Ohmart unpubl.  d a t a )  f o r  t h e  two 
breed ing  seasons  i n  a  f o r e s t  s t a n d  abou t  4 km from t h i s  s t u d y  a r e a .  
These samples c o n s i s t e d  of 4000 sweeps w i t h  a  s t a n d a r d  40-cm-diameter 
n e t  i n  u n d e r s t o r y  f o l i a g e  a long  a  0.8-km t r a n s e c t ,  on one morning per  
month. 

Samples were f r o z e n  f o r  s t o r a g e .  A f t e r  i n s e c t s  were s e p a r a t e d  from 
v e g e t a t i o n a l  m a t t e r ,  t h e y  were i d e n t i f i e d  t o  fami ly  and s o r t e d  i n t o  s i z e  
c a t e g o r i e s ,  and t h e n  s t o r e d  i n  70% a l c o h o l .  Frequency, average  l e n g t h ,  
and t o t a l  d r y  weight  f o r  each fami ly -s ize  grouping were recorded .  T o t a l  
f requency  and d r y  weight of t h e  sample were t h e  sums of t h e  i n d i v i d u a l  
groupings .  Percent- f requency and percent-weight were t h e n  recorded.  

From t h e s e  sweep samples ,  a  rough e s t i m a t e  of r e s o u r c e  a v a i l a b i l i t y  i n  
cottonwood-willow-salt  c e d a r  h a b i t a t  was ob ta ined .  L i m i t a t i o n s  and 
b i a s e s  of sweep sampling were d i s c u s s e d  by Whit taker  (1952) and Davis 
and Gray (1966) .  
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RESULTS 

Dens i ty  and Breeding Phenology 

Tab le  6-1 l i s t s  t h e  b reed ing  d e n s i t i e s  (N/40 ha )  and summarizes t h e  
b reed ing  b io logy  f o r  t h e  1 3  s p e c i e s  cons idered  i n  t h i s  community 
a n a l y s i s .  D e n s i t i e s  were n e a r l y  i d e n t i c a l  b o t h  seasons  and a r e  
p r e s e n t e d  as a  range of v a l u e s ,  r e p r e s e n t i n g  b reed ing  a d u l t s .  F i v e  
s p e c i e s  were permanent r e s i d e n t s  on t h e  p l o t .  The Verdin  i s  a  r e s i d e n t  
i n  t h e  r e g i o n  but  was o n l y  a  summer v i s i t o r  t o  t h e  r i p a r i a n  f o r e s t  p l o t .  
A l l  s p e c i e s  excep t  Common F l i c k e r s  n e s t e d  on t h e  p l o t .  F l i c k e r s  used 
saguaro  c a c t u s  i n  t h e  a d j a c e n t  d e s e r t  f o r  n e s t i n g  b u t  r e g u l a r l y  fo raged  
i n  t h e  r i p a r i a n  f o r e s t .  

I n  a d d i t i o n  t o  t h e s e  s p e c i e s ,  Cactus  Wrens, C r i s s a l  T h r a s h e r s ,  B e l l  
V i r e o s ,  Yellow-breasted C h a t s ,  and Ind igo  Bunt ings  n e s t e d  a long  t h e  
d e s e r t - r i p a r i a n  edge bu t  r a r e l y  p e n e t r a t e d  i n t o  t h e  r i p a r i a n  f o r e s t .  
D i u r n a l  p r e d a t o r s  v i s i t i n g  t h e  p l o t  inc luded  t h e  Red- ta i l ed  Hawk, 
Zone- ta i led  Hawk, and American K e s t r e l .  The Screech  O w l ,  E l f  Owl, and 
G r e a t  Horned O w l  were n o c t u r n a l  v i s i t o r s .  

F i n a l l y ,  b o t h  White-winged and Mourning doves were abundant b r e e d e r s  on 
t h e  p l o t .  However, doves  fo raged  i n  a g r i c u l t u r a l  a r e a s  o u t s i d e  of t h e  
r i p a r i a n  v e g e t a t i o n ,  were n o t  t e r r i t o r i a l ,  and d i d  n o t  appear  t o  
i n t e r a c t  b e h a v i o r a l l y  w i t h  t h e  o t h e r  s p e c i e s  s t u d i e d .  

M i c r o h a b i t a t  

Of 12 s p e c i e s  f o r  which average  v e g e t a t i o n  p r o f i l e s  were c o n s t r u c t e d ,  
o n l y  t h e  Common Yel lowthroa t  and Blue Grosbeak showed any s i g n i f i c a n t  
d e p a r t u r e  from t h e  average  p r o f i l e  f o r  t h e  p l o t .  A s  i l l u s t r a t e d  i n  
F igure  6-1, t h e  Common Yel lowthroa t  used a r e a s  w i t h  g r e a t e r  than  average  
f o l i a g e  d e n s i t y  a t  0.02 m and 0.6 m and l e s s  t h a n  average d e n s i t y  above 
12 m. These a r e a s  corresponded t o  openings i n  t h e  f o r e s t  canopy t h a t  
suppor ted  dense  pa tches  of c a t - t a i l s  o r  b u l r u s h e s .  The Blue Grosbeak 
avoided a r e a s  w i t h  a  canopy l a y e r  above 12 m and showed a  tendency t o  
u s e  a r e a s  w i t h  dense  v e g e t a t i o n  a t  4.5 m.  The p r o f i l e  of t h e  
Ash-throated F l y c a t c h e r  was s i m i l a r  t o  t h a t  of t h e  Blue Grosbeak,  b u t  i t  
d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from t h e  average  a t  any p a r t i c u l a r  h e i g h t  
l a y e r .  P r o f i l e s  of a l l  o t h e r  s p e c i e s  were n e a r l y  i d e n t i c a l  t o  t h e  
average  f o r  t h e  p l o t ,  i n d i c a t i n g  l i t t l e  o r  no m i c r o h a b i t a t  s e l e c t i o n  on 
t h e  b a s i s  of f o l i a g e  l a y e r s .  

Kruskal-Wallis  t e s t s  i n d i c a t e d  t h a t  f o u r  f o l i a g e  h e i g h t  l a y e r s  were 
s e l e c t e d  d i f f e r e n t i a l l y  by some s p e c i e s  p a i r s  (Tab le  6-2). With r e s p e c t  
t o  f o l i a g e  d e n s i t y  a t  0.02 m ,  t h e  Common Yel lowthroa t  occur red  a t  
s i g n i f i c a n t l y  d e n s e r  p o i n t s  t h a n  d i d  a l l  o t h e r  s p e c i e s  e x c e p t  t h e  Wied 
Cres ted  F l y c a t c h e r  and t h e  Blue Grosbeak. The Wied Cres ted  F l y c a t c h e r  
and t h e  Northern O r i o l e  a l s o  s e l e c t e d  a r e a s  t h a t  had s i g n i f i c a n t l y  
d e n s e r  ground cover  t h a n  t h o s e  chosen by t h e  Ash-throated F l y c a t c h e r .  

The Blue Grosbeak's tendency t o  use  a r e a s  w i t h  dense  f o l i a g e  a t  4.5 m 
was s i g n i f i c a n t l y  d i f f e r e n t  from t h e  low use  of t h i s  l a y e r  by t h e  Wied 
Cres ted  F l y c a t c h e r  and t h e  Summer Tanager. Ash-throated F l y c a t c h e r s  
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Table  6-1. D e n s i t i e s  and b reed ing  c h a r a c t e r i s t i c s  of 13 s p e c i e s  of 
b i r d s  on a  r i p a r i a n  f o r e s t  p l o t .  Spec ies  names a r e  fol lowed 
by a b b r e v i a t i o n s  used i n  subsequent  t a b l e s  and f i g u r e s .  
Dens i ty  i s  based on e s t i m a t e s  from two breed ing  seasons .  
D i s p e r s i o n  index  i s  c a l c u l a t e d  a s  number of g r i d  p o i n t s  
where p r e s e n t / d e n s i t y  ( s e e  t e x t ) .  Nest  h e i g h t s  a r e  t h e  mean 
h e i g h t  of v a l u e s  of n e s t s  found on o r  n e a r  p l o t ;  C = 
c a v i t y - n e s t e r .  1-111 i n d i c a t e  t iming of f l e d g i n g  of t h r e e  
broods .  J - A = J a n u a r y  through August,  r e s p e c t i v e l y .  L i n e s  
d e n o t e  d u r a t i o n  of b reed ing  a c t i v i t i e s .  

Breeding 
chronology 

Nest  
D e n s i t y  D i s p e r s i o n  h e i g h t  

S p e c i e s  N / 4 0 h a  index  (m) J F M A M J J A  

Yel low-bi l led  Cuckoo 28-30 4.87 9.5 I 
(YC) 

Common F l i c k e r  (CF) 2-4 I I I 

G i l a  Woodpecker (GW) 36-40 4.88 11.1,C I I I 

Ladder-backed 
Woodpecker (LW) 28-36 5.72 11.7 ,C I 

Wied Cres ted 
F l y c a t c h e r  ( WF) 20-24 7.16 10.2,C 

Ash-throated 
F l y c a t c h e r  (AF) 4-6 6.00 6.2,C I I1 

Verdin  (VN) 20-24 3.22 5.8 ----  I I1 

Common Yel lowthroat  80 1.49 0  I I1 
(YT 

Northern O r i o l e  (NO) 64-80 2.81 11.1 I I1 I1 

Summer Tanager (ST) 24 7.71 11.7 I I1 

Blue Grosbeak (BG) 4  3.00 1.2 

Aber t  Towhee (AT) I I I1 I1 III? 

Song Sparrow (SS) 80-100 1.65 0  I I I 



Vege ta t ion  Kanagement - 

a. Common Yellowthroat 
(n = 219) 

b. Blue Grosbeak 
(n =39) 

0.05 0.10 0.15 0.20 0.25 0.30 
2 3 Foliage Density (m /m ) 

F i g u r e  6-1. F o l i a g e  d e n s i t y  p r o f i l e  f o r  two b i r d s  on a  r i p a r i a n  f o r e s t  p l o t .  S o l i d  
band i s  average  p r o f i l e  w i t h  95% c o n f i d e n c e  l i m i t s  f o r  e n t i r e  p l o t  (281  
p t s . ) .  Cross-hatched band i s  a v e r a g e  f o r  a l l  o c c u r r e n c e s  (n) of b i r d  
s p e c i e s .  A i n d i c a t e s  s i g n i f i c a n t  d i f f e r e n c e  between p r o f i l e s .  
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Tab le 6-2. Vegetation measures selected differently by 12 riparian bird 
species. H statistic from Kruskal-Wallis test. Species 
pairs tested with Dunn's Multiple Comparison Test (P<0.05, n 
= 66). DEDGE = distance from riparian-desert edge. Species 
codes from Table 6-1. 
- - 

Vegetation measure H Probability Significantly different pairs 

Foliage density at: 

0.02 m 63.89 <0.001 

0.6 m 

4.5 m 

18.0 m 

DEDGE 

YT with YC, GW, LW, AF, VN, NO, 
ST, AT, SS 

AF with WF, NO 

YT with GW, LW, VN, ST 

BG with WF, ST 

AF with YC, GW, LW, WF, NO, ST, 
S S 

BG with YC, GW, LW, WF, NO, ST, 
AT, SS 

AF with YC, GW, LW, WF, YT, NO, 
ST, AT, SS 

NO with YC, GW, WF, VN 
ST with YC, GW, WF, VN 
VN with SS 
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occur red  i n  a r e a s  w i t h  s i g n i f i c a n t l y  s p a r s e r  canopy cover  a t  18 m t h a n  
a l l  o t h e r  s p e c i e s  excep t  Aber t  Towhee, V e r d i n ,  Common Y e l l o w t h r o a t ,  and 
Blue Grosbeak. The r a r i t y ,  and consequen t ly  t h e  smal l  sample,  of Blue 
Grosbeak d e t e c t i o n s ,  was i n  p a r t  r e s p o n s i b l e  f o r  d i f f i c u l t y  i n  
s t a t i s t i c a l l y  s e p a r a t i n g  t h i s  s p e c i e s  from o t h e r s .  

The g r e a t e s t  s e p a r a t i o n  of s p e c i e s  occur red  i n  r e l a t i o n  t o  d i s t a n c e  from 
t h e  r i p a r i a n  edge (DEDGE). The Ash-throated F l y c a t c h e r  and Blue 
Grosbeak were most h i g h l y  a s s o c i a t e d  w i t h  edge ( F i g .  6-2). Each was 
s i g n i f i c a n t l y  d i f f e r e n t  from most o t h e r  s p e c i e s  e x c e p t  t h e  Verdin ,  which 
a l s o  tended t o  occur  c l o s e  t o  t h e  edge. Summer Tanagers  and Nor thern  
O r i o l e s  were l e a s t  a s s o c i a t e d  w i t h  t h e  edge and d i f f e r e d  s i g n i f i c a n t l y  
from s e v e r a l  i n t e r m e d i a t e  s p e c i e s .  

A s s o c i a t i o n s  among b i r d  s p e c i e s  and p a t c h i l y  d i s t r i b u t e d  p l a n t  s p e c i e s  , 

(Tab le  6-3) show t h a t  s a l t  c e d a r  was n e g a t i v e l y  a s s o c i a t e d  w i t h  t h e  
o t h e r  p l a n t  s p e c i e s  t e s t e d .  The Verdin ,  Blue Grosbeak,  Abert  Towhee, 
and Song Sparrow were n o t  a s s o c i a t e d  w i t h  any p l a n t .  The Ash-throated 
F l y c a t c h e r  was n e g a t i v e l y  a s s o c i a t e d  w i t h  cottonwood and yerba-mansa, 
probably  due t o . t h e  r a r i t y  of t h e s e  p l a n t s  a long  t h e  edge of t h e  p l o t .  
A l l  o t h e r  s p e c i e s  were n e g a t i v e l y  a s s o c i a t e d  w i t h  s a l t  c e d a r ,  which i s  
a n  e x o t i c  invader  i n t o  r i p a r i a n  areas. Only t h e  Ladder-backed 
Woodpecker and Summer Tanager were p o s i t i v e l y  a s s o c i a t e d  w i t h  cottonwood 
t r e e s .  The s t r o n g e s t  p o s i t i v e  a s s o c i a t i o n  was between t h e  Common 
Yel lowthroa t  and c a t - t a i l / b u l r u s h  pa tches .  Yel low-bi l led  Cuckoos and 
Northern O r i o l e s  a l s o  occur red  i n  t h e s e  a r e a s  more f r e q u e n t l y  t h a n  
expected by chance. 

I f  b i r d  s p e c i e s  were d i v i d i n g  space  so  t h a t  t h e y  were avo id ing  o r  i n  
some way exc lud ing  one a n o t h e r ,  t h e n  one might  expec t  s p e c i e s  p a i r s  t o  
have occur red  t o g e t h e r  l e s s  f r e q u e n t l y  t h a n  by chance i n  a g i v e n  season.  
No s i g n i f i c a n t  n e g a t i v e  a s s o c i a t i o n s  were found f o r  any s p e c i e s  p a i r  i n  
e i t h e r  y e a r  (Tab le  6-4). However, 9 s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n s  
were found i n  1977 and 16 i n  1978. With 66 comparisons ,  a s  many a s  f o u r  
p o s i t i v e  and f o u r  n e g a t i v e  a s s o c i a t i o n s  would be e x p e c t e d ,  even i f  t h e  
s p e c i e s  were d i s t r i b u t e d  a t  random w i t h  r e s p e c t  t o  one a n o t h e r  ( K i r k  
1968). It can  be concluded,  t h e n ,  t h a t  t h e r e  was a tendency f o r  s p e c i e s  
t o  be clumped t o g e t h e r  on t h e  p l o t .  

The p resence  of s i g n i f i c a n t  a s s o c i a t i o n s  between s p e c i e s  p a i r s  was n o t  
c o n s i s t e n t  from y e a r  t o  year .  Of t h e  f o u r  p a i r s  t h a t  were p o s i t i v e l y  
a s s o c i a t e d  i n  b o t h  y e a r s ,  two were between c a v i t y - n e s t i n g  s p e c i e s .  The 
Verdin  and Ash-throated F l y c a t c h e r  a l s o  c o n s i s t e n t l y  used t h e  sane  
p o i n t s  w i t h i n  a season.  Both of t h e s e  s p e c i e s  t o l e r a t e d  sa l t  c e d a r  and 
occur red  c l o s e  t o  t h e  edge of t h e  f o r e s t .  The o c c u r r e n c e  of Summer 
Tanagers and Common Yel lowthroa t s  a t  t h e  same p o i n t s  i n  both  y e a r s  i s  
more d i f f i c u l t  t o  i n t e r p r e t  based on m i c r o h a b i t a t  measures.  

From a summary of a l l  s i g n i f i c a n t  s p e c i e s  a s s o c i a t i o n s  ( T a b l e  6-5) ,  i t  
can be concluded t h a t  two segments of t h e  b i r d  community behaved 
d i f f e r e n t l y  w i t h  r e s p e c t  t o  h a b i t a t .  The Ash-throated F l y c a t c h e r ,  
Verdin ,  Blue Grosbeak,  Abert Towhee, and Song Sparrow a l l  showed l i t t l e  
o r  no a s s o c i a t i o n  w i t h  p l a n t  s p e c i e s  excep t  t h a t  a l l  t o l e r a t e d  s a l t  
cedar .  The f i r s t  t h r e e  of t h e s e  were found c l o s e  t o  t h e  f o r e s t  edge ,  
and t h e  Ash-throated F l y c a t c h e r  and Verdin  tended t o  occur  a t  t h e  same 
p o i n t s .  
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F i g u r e  6-2. D i s t r i b u t i o n  o f  1 2  r i p a r i a n  b i r d s  w i t h  r e s p e c t  t o  d i s t a n c e  f rom 
d e s e r t - r i p a r i a n  edge .  B a r s  i n d i c a t e  d i f f e r e n c e s  be tween pe rcen -  
t a g e  o f  b i r d  o c c u r r e n c e s  a t  e a c h  d i s t a n c e  and p e r c e n t a g e  of g r i d -  
p o i n t s  a t  t h a t  d i s t a n c e .  Ypec ie s  codes  from Tabl t .  6-1. 
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Table  6-3. A s s o c i a t i o n s  between b i r d  s p e c i e s  and p a t c h i l y  d i s t r i b u t e d  
p l a n t  s p e c i e s .  Bird  s p e c i e s  codes from Table  6-1. P l a n t  
s p e c i e s  codes a r e  SC = s a l t  c e d a r ;  CW = cottonwood; CT = 
c a t - t a i l ;  BR = b u l r u s h ;  YB = yerba-mansa. V s t a t i s t i c  a f t e r  
P i e l o u  (1977:208-211). * = s i g n i f i c a n t  a t  0.05; ** = 
s i g n i f i c a n t  a t  0.01. 

Number of p o i n t s  
i n  common wi th :  A s s o c i a t i o n  w i t h  ( V ) :  

T o t a l  
Spec ies  p o i n t s  SC CW CT/BR YB SC CW CT/ BR YB 
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Table 6-5. Summary of spatial associations among riparian bird and 
plant species 197711978. + = significant positive 
association; - = significant negative association; blank = 

no association. Species codes from Tables 6-1 (birds) and 
6-3 (plants). 
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The o t h e r  group c o n s i s t e d  of t h e  woodpeckers and t h e  o t h e r  summer 
v i s i t o r s .  A l l  avoided s a l t  c e d a r  and o c c u r r e d  away from t h e  edge,  and 
most showed a  p o s i t i v e  a s s o c i a t i o n  w i t h  e i t h e r  cottonwoods o r  c a t - t a i l s .  
Of t h i s  group,  o n l y  t h e  Common Yel lowthroa t  can  be cons idered  a  
m i c r o h a b i t a t  s p e c i a l i s t ,  s e l e c t i n g  dense  c a t - t a i l / b u l r u s h  p a t c h e s  t o  a  
much g r e a t e r  degree  t h a n  any o t h e r  s p e c i e s .  

Foraging Behavior  

S p e c i e s - s p e c i f i c  use  p a t t e r n s  f o r  each  f o r a g i n g  measure a r e  i l l u s t r a t e d  
i n  F i g u r e  6-3. Q u a l i t a t i v e l y ,  t h r e e  major  f u n c t i o n a l  g roup ings  of 
s p e c i e s  can be recognized.  These groups  may be termed f o r a g i n g  g u i l d s  
(Root 1967). 

The two s p e c i e s  of woodpeckers fo raged  p r i m a r i l y  on b a r k ,  on l a r g e r  
b ranches  (e .g . ,  t r u n k s ) ,  and i n  t h e  i n n e r  p o r t i o n  of t r e e s .  Abert  
Towhees and Song Sparrows fo raged  on t h e  ground. The Common F l i c k e r  
mos t ly  fo raged  l i k e  o t h e r  woodpeckers, b u t  i t  a l s o  f e d  on t h e  ground. 

The remaining seven  s p e c i e s  can be g e n e r a l l y  grouped i n t o  a  canopy- 
f e e d i n g  g u i l d .  A l l  tended t o  use  l e a v e s  a s  a  s u b s t r a t e  and t o  feed  on 
t h e  o u t e r  p o r t i o n s  of t r e e s .  Th i s  group can be d i v i d e d  f u r t h e r  i n t o  
s p e c i a l i s t  g l e a n e r s  ( V e r d i n ,  Common Y e l l o w t h r o a t ,  and Northern O r i o l e )  
and t h o s e  t h a t  tended t o  hover  o r  hawk f o r  p rey  (Yel low-b i l l ed  Cuckoo, 
two f l y c a t c h e r s ,  and Summer Tanager) .  

The n i c h e  b r e a d t h  o r  b e h a v i o r a l  d i v e r s i t y  (B) of each s p e c i e s  f o r  each  
measure i s  shown i n  F igure  6-3. With r e s p e c t  t o  f o r a g i n g  method, t h e  
G i l a  Woodpecker, Summer Tanager ,  and Common F l i c k e r  were t h e  most 
d i v e r s i f i e d ,  whereas most o t h e r  s p e c i e s  were s p e c i a l i s t s ,  predominant ly  
u s i n g  a  s i n g l e  method. The Summer Tanager ,  Ash-throated F l y c a t c h e r ,  and 
Verdin  used t h e  v e r t i c a l  canopy s t r a t a  most e v e n l y ,  whereas many o t h e r  
s p e c i e s  tended t o  avoid  t h e  zone below 6.2 m. The ground f o r a g e r s  and 
t h e  Common Yel lowthroa t  were f o r a g i n g  h e i g h t  s p e c i a l i s t s .  

The Common F l i c k e r  showed t h e  h i g h e s t  d i v e r s i t y  i n  use  of t r e e  s p e c i e s  
because  of i t s  usage of dead t r e e s .  The Ash-throated F l y c a t c h e r  and 
Aber t  Towhee were t r e e  s p e c i e s  g e n e r a l i s t s  t h a t  tended t o  u s e  s a l t  
c e d a r .  The woodpeckers used t h e  w i d e s t  range of branch s i z e s  and t h u s  
had t h e  l a r g e s t  n i c h e  b r e a d t h s  a long  t h i s  a x i s .  The Summer Tanager was 
a l s o  ex t remely  g e n e r a l i z e d  i n  t h i s  r e s p e c t ,  whereas most of t h e  o t h e r  
canopy f e e d e r s  were s p e c i a l i s t s  on t h e  s m a l l e s t  branches .  

With r e s p e c t  t o  p o r t i o n  of t r e e ,  most s p e c i e s  used e i t h e r  t h e  i n n e r  o r  
o u t e r  p o r t i o n  e x c l u s i v e l y .  Only t h e  Common Yel lowthroa t  used bo th  
p o r t i o n s  e q u a l l y .  For ground f e e d e r s ,  i n n e r  p o r t i o n s  were d i r e c t l y  
under  t h e  cover  of a n  u n d e r s t o r y  canopy and o u t e r  p o r t i o n s  were i n  open 
a r e a s  away from d i r e c t  cover.  I n  t h i s  r e g a r d ,  t h e  Song Sparrow was more 
g e n e r a l i z e d  t h a n  t h e  Abert  Towhee. 

Near ly  a l l  s p e c i e s  s p e c i a l i z e d  on a  p a r t i c u l a r  s u b s t r a t e .  The Common 
F l i c k e r ,  Common Yel lowthroa t ,  and Song Sparrow used two s u b s t r a t e s  
a lmos t  e q u a l l y ,  b u t  t h e  Summer Tanager was most g e n e r a l i z e d  and had t h e  
l a r g e s t  n i c h e  b read th .  
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I. METHOD 
N 48 116 408 464 82 84 109 32 231 109 160 189 

B 2.11 2.63 3.18 1.44 1.78 1.45 1.02 1.57 1,12 2.65 1.06 1.01 Max : 6  

I GLEAN 

HOVER 

HAWK 

El PECK 

@ PROBE 

SPECIES YC CF GW LW WF AF VN YT NO ST AT SS 

I I .  FORAGING HEIGHT 
B 2.50 2.05 2.02 2.71 2.82 3.09 2.97 1.76 2.84 3.09 1.45 1.05 Max = 4  

GROUND 

0.0-6.2 m 

0 6.2-1 2.3 m 
12.3-2 1 m 

SPECIES YC CF GW LW WF AF VN YT NO ST AT SS 

I 11. TREE SPECIES 
B 2.01 4.14 2.12 2.54 1.81 3.38 2.27 2.76 2.12 2.03 2.94 2.72 Max = 5 

COTTONWOOD 

SPECIES YC CF GW LW WF AF VN YT NO ST AT SS 

F i g u r e  6-3. F o r a g i n g  b e h a v i o r  p a t t e r n s  o f  1 2  r i p a r i a n  b i r d s .  I t e m s  I - V I  

a r e  f o r a g i n g  m e a s u r e s ,  b a r s  i n d i c a t e  p r o p o r t i o n  o f  o b s e r v a -  
t i o n s .  Niche b r e a d t h  ( B )  = ( z p i 2 ) - l ,  t o t a l  n i c h e  s i z e  ( i n  
V I I . )  = C B .  Sample s i z e  ( N  i n  I . )  i s  t h e  same f o r  a l l  mea- 
s u r e s  e x c e p t  b r a n c h  d i a m e t e r  (IV.). S p e c i e s  c o d e s  f rom 
T a b l e  6-1. D e f i n i t i o n s  o f  m e a s u r e s  and s t a t e s  i n  Appendix 6-1 
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IV.  BRANCH DIAMETER 
B 2.60 2.46 3.56 4.02 1.00 1.56 1.31 1.29 1.54 3.66 2.69 1.92 Max '6 

SPECIES YC CF GW LW WF AF VN YT NO ST AT SS >20.0 cm 

V. TREE PORTION 
B 1.60 1.14 1.15 1.19 1.21 1.19 1.36 2.00 1.67 1.30 1.25 1.85 Max = 2 

INNER 

OUTER 

SPECIES YC CF GW LW WF AF VN YT NO ST AT SS 

VI. SUBSTRATE 
W 1.17 2.03 1.17 1.01 2.06 2.28 1.97 2.38 1.66 2.96 1.55 2.19 Max = 5 

. :' H  BARK 

... 
GROUND 

E;I AIR 

FLOWERlFRUlT 

SPECIES YC CF GW LW WF AF VN YT NO ST AT SS  WATER 
G. TOTAL NICHE SIZE 
11.99 14.45 13.20 12.91 10.68 12.95 10.90 11.76 10.95 15.69 10.94 10.74 

YC CF GW LW WF AF VN YT NO ST AT SS 

F i g u r e  6-3 .  (Cont inued)  . 
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To summarize t h e  o v e r a l l  s p e c i a l i z a t i o n  i n  f o r a g i n g  by each  s p e c i e s ,  t h e  
sum of n i c h e  b r e a d t h s  f o r  each measure may be cons idered  a s  a t o t a l  
n i c h e  s i z e  ( U l f s t r a n d  1977) and compared among s p e c i e s  ( F i g .  6-3).  The 
Summer Tanager was t h e  most g e n e r a l i z e d  f o r a g e r  i n  t h e  community. 
Woodpeckers were g e n e r a l i s t s  i n  most r e s p e c t s  b u t  were extreme s u b s t r a t e  
s p e c i a l i s t s .  I n  g e n e r a l ,  t h e  s p e c i a l i s t  g l e a n e r s  tended t o  be 
s p e c i a l i z e d  i n  o t h e r  r e s p e c t s  a s  w e l l  and e x h i b i t e d  s m a l l e s t  t o t a l  n i c h e  
s i z e s .  

With g u i l d s  d e f i n e d  i n  a  g e n e r a l  s e n s e ,  i t  was i m p o r t a n t  t o  know how 
much o v e r l a p  e x i s t e d  between g u i l d  members and which f o r a g i n g  measures 
were most impor tan t  i n  s e p a r a t i n g  s p e c i e s .  Average n i c h e  o v e r l a p s  and 
t h e i r  a s s o c i a t e d  l e v e l s  of s t a t i s t i c a l  s i g n i f i c a n c e  between a l l  s p e c i e s  
p a i r s  f o r  each measure a r e  i n  Table 6-6. I n  o r d e r  t o  minimize t h e  Type 
I e r r o r  r a t e  w i t h  66 pa i r -wise  comparisons i n  each  m a t r i x ,  t h e  
GH s t a t i s t i  was t e s t e d  a g a i n s t  a  c r i t i c a l  v a l u e  of ch i -  
s q u a r e  

0  004 
where n  equaled t h e  number of s t a t e s  i n  a  measure. 

The l a c k  o  a  s i g n i f i c a n t  d i f f e r e n c e  between two s p e c i e s  (NS i n  Tab le  
6-6) may be d e f i n e d  a s  a  s i g n i f i c a n t  o v e r l a p .  

I n  g e n e r a l ,  t h e  h i g h e s t  c a l c u l a t e d  o v e r l a p s  i n  each  m a t r i x  were 
s i g n i f i c a n t ,  and most s i g n i f i c a n t  o v e r l a p s  were g r e a t e r  t h a n  0.900. 
Except ions  t o  t h i s  g e n e r a l i t y  were due t o  t h e  ex t remely  d i f f e r e n t  
p r o p e r t i e s  of t h e  o v e r l a p  measure and t h e  t e s t  of s i g n i f i c a n c e  r e l a t i n g  
t o  sample s i z e ,  number of s t a t e s  i n  a  measure,  e t c .  

Of t h e  s i x  f o r a g i n g  measures ,  s u b s t r a t e  usage d i f f e r e d  among t h e  12 b i r d  
s p e c i e s .  Th i s  m a t r i x  ( T a b l e  6-6) con ta ined  t h e  fewes t  number of s p e c i e s  
p a i r s  (10)  o v e r l a p p i n g  more than  0.900, and 10 p a i r s  t h a t  were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e i r  u s e  of t h e  f i v e  s u b s t r a t e s .  Nine of 
t h e s e  s i g n i f i c a n t  o v e r l a p s  were w i t h i n  t h e  canopy-feeding g u i l d .  

Foraging method and branch d iamete r  ( T a b l e  6-6A and D )  were n e x t  i n  
t h e i r  degree  of s p e c i e s  d i f f e r e n c e s ,  e a c h  w i t h  13 p a i r s  over lapp ing  more 
t h a n  0.900. T h i r t e e n  p a i r s  over lapped s i g n i f i c a n t l y  w i t h  r e s p e c t  t o  
method, and 16 o v e r l a p s  i n  branch d iamete r  were s i g n i f i c a n t .  Song 
Sparrows a lmost  never  fo raged  from branches ,  so  t h e i r  o v e r l a p s  w i t h  
o t h e r  s p e c i e s  on t h i s  measure were n o t  cons idered .  Only seven  of t h e  
s i g n i f i c a n t  o v e r l a p s  i n  f o r a g i n g  method were between g u i l d  co-members. 

There was a  g r e a t e r  degree  of o v e r l a p  i n  f o r a g i n g  h e i g h t  among most 
s p e c i e s  p a i r s ,  w i t h  21 p a i r s  over lapp ing  more t h a n  0.900 and 15 of them 
being s i g n i f i c a n t .  E i g h t  were between g u i l d  co-members, a l l  w i t h i n  t h e  
canopy-feeding g u i l d .  

R e s u l t s  f o r  t r e e  s p e c i e s  were equ ivoca l ;  many s p e c i e s  p a i r s  ( 3 1 )  
over lapped more t h a n  0.900, b u t  on ly  12 were s i g n i f i c a n t .  The 
r e l a t i v e l y  s m a l l  cho ice  of t r e e  s p e c i e s  a v a i l a b l e  t o  t h e  b i r d s  on t h e  
p l o t  may have r e s u l t e d  i n  t h e  high d e g r e e  of o v e r l a p ,  b u t  t h e  meaning of 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between t h e s e  s p e c i e s  i s  u n c l e a r .  
However, i t  i s  u n l i k e l y  t h a t  t h i s  measure i s  impor tan t  i n  s e p a r a t i n g  
many s p e c i e s  w i t h i n  t h i s  community. 
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P o r t i o n  of t r e e  was u s e f u l  i n  s e p a r a t i n g  g u i l d s  b u t  n o t  i n  s e p a r a t i n g  
members of a  g u i l d .  A s  mentioned above,  most s p e c i e s  were s p e c i a l i z e d  
on e i t h e r  i n n e r  o r  o u t e r  p o r t i o n s ,  and 22 of 25 s p e c i e s  p a i r s  w i t h i n  
g u i l d s  over lapped s i g n i f i c a n t l y .  

Tab le  6-7 summarizes t h e  s i g n i f i c a n t  o v e r l a p s  w i t h i n  and between v a r i o u s  
e c o l o g i c a l  groups  of s p e c i e s .  Not s u r p r i s i n g l y ,  t h e r e  was always 
g r e a t e r  s i m i l a r i t y  w i t h i n  a  g u i l d  t h a n  between g u i l d s .  The summer 
v i s i t o r  s p e c i e s ,  which were t h e  on ly  members of t h e  canopy-feeding g u i l d  
i n  t h i s  community, over lapped much more among themselves  t h a n  d i d  t h e  
permanent r e s i d e n t s .  There was a  v e r y  low d e g r e e  of s i g n i f i c a n t  o v e r l a p  
between t h e  r e s i d e n t s  and v i s i t o r s .  

Morphology 

Table  6-8 l i s t s  t h e  means and s t a n d a r d  d e v i a t i o n s  of a l l  morphological  
measures f o r  t h e  1 3  s p e c i e s  used i n  t h i s  s tudy .  The s m a l l e s t  s p e c i e s  
was t h e  Verdin  (6.5 gm, 8.4 mm b i l l  l e n g t h )  and t h e  l a r g e s t  was t h e  
Common F l i c k e r  (110 gm, 32.7 mm b i l l ) .  Seven s p e c i e s  were between 27 
and 46 gm, w i t h  b i l l  l e n g t h s  va ry ing  from 15.7 mm t o  23.8 mm. 

O v e r a l l  morphological  s i m i l a r i t y  based on r a t i o s  of t h e  measures i s  
i l l u s t r a t e d  i n  F i g u r e  6-4. I n  g e n e r a l ,  s p e c i e s  were a r r a y e d  by body 
s i z e  and b i l l  l e n g t h ,  w i t h  t h r e e  major s i z e  g roup ings  formed. The seven  
medium-sized s p e c i e s  d i f f e r e d  p r i m a r i l y  w i t h  r e s p e c t  t o  b i l l  wid th  and 
dep th .  The Ladder-backed Woodpecker, Northern O r i o l e ,  and Ash-throated 
F l y c a t c h e r  had r e l a t i v e l y  narrow o r  f l a t t e n e d  b i l l s ;  t h e  Wied Cres ted 
F l y c a t c h e r  and Summer Tanager had t h e  w i d e s t  b i l l s ,  and t h e  Aber t  Towhee 
and Blue Grosbeak had v e r y  deep  a s  w e l l  a s  wide b i l l s .  

D i e t  

The c o n t e n t s  of 106 s tomachs ,  r e p r e s e n t i n g  midsummer d i e t s  of 13 
s p e c i e s ,  were analyzed f o r  t h e  p r e s e n t  s tudy .  I n  J u l y ,  a l l  s p e c i e s  had 
r a i s e d  a t  l e a s t  one brood,  t h e  l a r g e s t  number of b i r d s  o c c u r r e d  on t h e  
p l o t ,  and ,  accord ing  t o  e c o l o g i c a l  t h e o r y ,  p o t e n t i a l  c o m p e t i t i o n  f o r  
food would have been g r e a t e s t .  Sample s i z e s  were s m a l l ,  r a n g i n g  from 2 
t o  13; however, t h e s e  a r e  b e l i e v e d  t o  be adequa te  f o r  most s p e c i e s ,  
based on t h e  s m a l l  v a r i a t i o n  i n  i n d i v i d u a l  d i e t s  and t h e i r  
correspondence w i t h  f i e l d  o b s e r v a t i o n s .  Wiens and Rotenberry  (1979) 
s i m i l a r l y  j u s t i f i e d  smal l  samples a s  be ing  r e a s o n a b l e  i n v e n t o r i e s  of 
a v i a n  d i e t s .  The s m a l l  sample f o r  Common F l i c k e r  and Ladder-backed 
Woodpecker p r e v e n t  c o n c l u s i v e  a n a l y s i s ;  however, t h e y  were inc luded  f o r  
completeness.  

The d i s t r i b u t i o n  of s i z e  c l a s s e s  of i n s e c t s  i n  t h e  d i e t s  a r e  shown i n  
F i g u r e  6-5. The l a r g e s t  and s m a l l e s t  a v i a n  s p e c i e s  (Common F l i c k e r  and 
Verdin ,  r e s p e c t i v e l y )  were s p e c i a l i s t s  on t h e  s m a l l e s t  s i z e  c l a s s  of 
i n s e c t s ,  i l l u s t r a t i n g  t h e  danger  of i n f e r r i n g  p rey  s i z e  i n d i r e c t l y  from 
b i l l  measurements. The most f r e q u e n t l y  e a t e n  s i z e  c l a s s  of i n s e c t s  
among t h e  l a r g e r  a v i a n  s p e c i e s  was 21-30 mm. A l l  of t h e s e  b i r d s  excep t  
t h e  Yel low-bi l led  Cuckoo a t e  v e r y  s m a l l  i n s e c t s  a s  w e l l .  
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Table  6-7.  Degree of f o r a g i n g  o v e r l a p  w i t h i n  and between " e c o l o g i c a l "  
g roup ings  of b i r d  s p e c i e s .  S i g n i f i c a n t  o v e r l a p s  based on 
GH-test ( s e e  Tab le  6 - 6 ,  t e x t ) ,  w i t h  s i x  t e s t s  f o r  each 
s p e c i e s  p a i r .  

Number Number of 
of pai r -wise  s i g n i f i c a n t  o v e r l a p s  

E c o l o g i c a l  group comparisons pe r  p a i r  (max = 6 )  

Woodpecker g u i l d  3 2.66 

Ground-feeding g u i l d  1 2.00 

Canopy-feeding g u i l d  2 1 3 .40 

Hawkers and h o v e r e r s  6 3.83 

Between g u i l d s  4 1 0.6 1 

Permanent r e s i d e n t s  10 1.40 

Summer v i s i t o r s  2 1 3.40 

Res iden t s  v e r s u s  v i s i t o r s  3 5 0.60 

E n t i r e  community 6 6 1.60 
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Tab le  6-8. Morphological  measurements of 13 s p e c i e s  of r i p a r i a n  b i r d s .  
Means and s t a n d a r d  d e v i a t i o n s  a r e  g iven  i n  p a r e n t h e s e s .  
B i l l  l e n g t h  i s  exposed culmen; w i d t h  and d e p t h  measured a t  
n a r e s .  Spec ies  codes from Table  6-1. 

Weight Wing B i l l l e n g t h  Width Depth 
S p e c i e s  N (gm) (mm) ( m d  (m) (mm) 
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F i g u r e  6-4. Morphological  s i m i l a r i t y  among 1 3  r i p a r i a n  b i r d s .  
Represen t s  ave rage  of  r a t i o s  of  f i v e  measures f o r  
each s p e c i e s  p a i r .  S p e c i e s  codes  from Table  6-1. 



~~~O~ .. 5 .  Urn CLASSES PREY SIZE (mm) 

0-10 11-20 2 1-30 3 1-40 4 1-50 5 1-60 61-70 

SPECIES 

2 -1 Yigure  6-5. Trey s i z e  (mm) u s e  by 13 r i p a r i a n  b i r d s .  Niche b r e a d t h  (B)  = (Cpi ) . 
N r e p r e s e n t s  number of  food i tems/number of  s tomachs .  S p e c i e s  codes  
from Table  6-1 . 
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Prey  s i z e  d i v e r s i t y  ( B )  f o r  each a v i a n  s p e c i e s  is  a l s o  shown i n  F i g u r e  
6-5. The Yel low-bi l led  Cuckoo had t h e  h i g h e s t  d i v e r s i t y ,  and t h e  Common 
F l i c k e r  and Verdin  were comple te ly  s p e c i a l i z e d .  The remaining s p e c i e s  
d i f f e r e d  l i t t l e ,  v a r y i n g  from 1.54 t o  2.38. The maximum p o s s i b l e  v a l u e  
of B was 7.00. 

Overlap i n  p rey  s i z e  d i s t r i b u t i o n s  among b i r d  s p e c i e s  i s  i l l u s t r a t e d  a s  
a  dendrogram i n  F i g u r e  6-6. Two major  c l u s t e r s  s e p a r a t e  s p e c i e s  t h a t  
f eed  on l a r g e  i n s e c t s  from t h o s e  t a k i n g  o n l y  smal l  p rey .  

Actual  o v e r l a p s  among a v i a n  s p e c i e s  p a i r s  and t h e i r  accompanying l e v e l s  
of s t a t i s t i c a l  s i g n i f i c a n c e  a r e  l i s t e d  i n  Tab le  6-9. Because seven 
i n s e c t  s i z e  c l a s s e s  were used by t h e  e n t i r e  community, t h e  GH s t a t i s t i c s  
were compared w i t h  a  chi-square  0.001 d i s t r i b u t i o n  w i t h  6  d e g r e e s  of 
freedom. T h i s  c r i t i c a l  v a l u e  was n e c e s s a r y  t o  minimize Type I e r r o r s  
w i t h  78 s imul taneous  comparisons.  A l t e r n a t i v e l y ,  t h e  a c t u a l  number of 
s i z e  c l a s s e s  used by t h e  two s p e c i e s  i n  each comparison determined t h e  
degrees  of freedom of t h a t  p a r t i c u l a r  test.  Thus,  t h e  c r i t i c a l  v a l u e  of 
chi-square  001 would a l s o  v a r y  f o r  each t e s t .  S p e c i e s  comparisons 
whose s i g n l f l c a n c e  d i f f e r e d  w i t h  t h e  two approaches  a r e  shown i n  Table  
6-9 and may be i n t e r p r e t e d  a s  being m a r g i n a l l y  s i g n i f i c a n t  o v e r a l l .  

The two f l y c a t c h e r s ,  Northern O r i o l e ,  Summer Tanager ,  Blue Grosbeak,  and 
Abert  Towhee a l l  over lapped v e r y  h i g h l y  i n  prey s i z e  d i s t r i b u t i o n ,  and 
a l l  of t h e s e  o v e r l a p s  were s i g n i f i c a n t .  The G i l a  Woodpecker over lapped 
s i g n i f i c a n t l y  w i t h  t h e  Northern O r i o l e  and Blue Grosbeak,  and m a r g i n a l l y  
w i t h  t h e  Ash-throated F l y c a t c h e r  and Aber t  Towhee. The Yel low-bi l led  
Cuckoo over lapped s i g n i f i c a n t l y  o n l y  w i t h  t h e  Wied Cres ted  F l y c a t c h e r .  

Among s m a l l e r  s p e c i e s ,  t h e  Common Yel lowthroa t  and Song Sparrow had 
n e a r l y  i d e n t i c a l  p rey  s i z e  d i s t r i b u t i o n s  and t h e i r  o v e r l a p  was 
s i g n i f i c a n t .  The Verdin  and Common F l i c k e r  over lapped  complete ly  w i t h  
r e s p e c t  t o  prey s i z e .  The Verdin  could n o t  be s e p a r a t e d  s t a t i s t i c a l l y  
from t h e  Common Yel lowthroa t  and was o n l y  m a r g i n a l l y  d i f f e r e n t  from t h e  
Song Sparrow. These s p e c i e s  were r e t e s t e d  u s i n g  0-5 mm and 5-10 mm a s  
d i s t i n c t  i n s e c t  s i z e  c l a s s e s ,  and i n  no c a s e  d i d  t h e  r e s u l t s  change. 

I n  summary, t h e r e  w a s  a  g r e a t  amount of o v e r l a p  among b o t h  t h e  l a r g e r  
and s m a l l e r  a v i a n  s p e c i e s .  Within  each g roup ,  t h e  canopy-foraging 
summer v i s i t o r  s p e c i e s  were n e a r l y  i n s e p a r a b l e  s t a t i s t i c a l l y .  Among 
permanent r e s i d e n t s  and t h e  o t h e r  two f o r a g i n g  g u i l d s ,  t h e  on ly  o v e r l a p  
t h a t  was even m a r g i n a l l y  s i g n i f i c a n t  was between t h e  G i l a  Woodpecker and 
t h e  Abert  Towhee. 

The d i s t r i b u t i o n  of prey t y p e s  i n  t h e  d i e t s  of t h e  13 a v i a n  s p e c i e s  i s  
shown i n  F i g u r e  6-7. These a r e  expressed  a s  b o t h  percent-volume and 
percen t - f requency ,  each weighted t o  r e p r e s e n t  t h e  average  of t h e  
i n d i v i d u a l  stomachs f o r  each s p e c i e s .  I n  g e n e r a l ,  volume and f requency  
d i s t r i b u t i o n s  were v e r y  s i m i l a r .  Volume measures tend t o  emphasize 
l a r g e r  i n s e c t  t a x a  and may b e t t e r  r e p r e s e n t  t h e  r e l a t i v e  importance of 
food i t ems  t o  t h e  b i r d .  Frequency measures emphasize s m a l l e r  food i t ems  
which can occur  i n  l a r g e r  numbers and may b e t t e r  correspond t o  t h e  
f o r a g i n g  e f f o r t s  of t h e  b i r d .  The weighted averag ing  t echn ique  employed 
reduced t h e  l a t t e r  b i a s  among t h e  f requency  measures .  
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F i g u r e  6-6. P r e y  s i z e  o v e r l a p  among 13 r i p a r i a n  b i r d s .  O v e r l a p s  
f rom T a b l e  6-12. S p e c i e s  codes  f rom T a b l e  6-1. 
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E i g h t  s p e c i e s  preyed h e a v i l y  on c i c a d a s .  Grasshoppers  were an  i m p o r t a c t  
food f o r  t h e  Yel low-bi l led  Cuckoo, Blue Grosbeak,  Abert  Towhee, and 
p o s s i b l y  t h e  Northern O r i o l e .  Summer Tanagers were t h e  o n l y  b i r d s  t o  
f e e d  on bees  and wasps,  and G i l a  Woodpeckers a t e  many a n t s .  Aber t  
Towhees fed  h e a v i l y  on b e e t l e s ,  and t h e  two f l y c a t c h e r s  took  a  wide 
v a r i e t y  of food i tems i n  a d d i t i o n  t o  c i c a d a s .  

The s m a l l e r  b i r d  s p e c i e s  f e d  on a v a r i e t y  of so f t -bod ied  p r e y ,  p r i m a r i l y  
s p i d e r s  and l a r v a e  of s e v e r a l  i n s e c t  o r d e r s .  The smal l  samples of 
Common F l i c k e r  and Ladder-backed Woodpecker stomachs s u g g e s t  t h a t  t h e i r  
d i e t s  may have been v e r y  d i f f e r e n t  from most o t h e r  s p e c i e s .  Of t h e  
t h r e e  s p e c i e s  sometimes r e f e r r e d  t o  a s  g r a n i v o r e s ,  t h e  Song Sparrow and 
Aber t  Towhee a t e  v e r y  few s e e d s ,  and t h e  sample of Blue Grosbeak 
stomachs con ta ined  no seeds .  

D i e t  d i v e r s i t i e s  (B) f o r  volume and f requency  a r e  a l s o  shown i n  F i g u r e  
6-7. These two measures g e n e r a l l y  showed t h e  same p a t t e r n s  among t h e  
s p e c i e s .  The Common Yel lowthroa t  and Song Sparrow had t h e  most d i v e r s e  
d i e t s .  Among t h e  l a r g e r  b i r d s ,  t h e  Summer Tanager ,  Yel low-bi l led  
Cuckoo, and Aber t  Towhee had t h e  most g e n e r a l i z e d  d i e t s ,  w h i l e  t h e  two 
f l y c a t c h e r s ,  Northern O r i o l e ,  and Blue Grosbeak were more s p e c i a l i z e d .  

Over laps  i n  d i e t  a r e  i l l u s t r a t e d  i n  F i g u r e s  6-8 and 6-9 f o r  b o t h  
percent- f requency and percent-volume d i s t r i b u t i o n s .  Both r e s u l t  i n  v e r y  
s i m i l a r  groupings  of s p e c i e s .  

Table  6-10 l i s t s  o v e r l a p  v a l u e s  and a s s o c i a t e d  s i g n i f i c a n c e  f o r  t h e  d i e t  
d i s t r i b u t i o n s  of a l l  s p e c i e s  p a i r s ,  u s i n g  percent- f requency.  Because 
t h e r e  were 78 s imul taneous  comparisons and 15 prey  c a t e g o r i e s ,  t h e  GH 
s t a t i s t i c  was compared w i t h  chi-square  0.0 1 d i s t r i b u t i o n  w i t h  14 d e g r e e s  
of freedom. The a l t e r n a t i v e  of v a r y i n g  tRe d e g r e e s  of freedom f o r  each  
comparison is presen ted  a s  f o r  prey s i z e .  

I n  t h e  t i g h t  c l u s t e r  i n  F i g u r e  6-8, t h e  two f l y c a t c h e r s ,  Northern 
O r i o l e ,  and G i l a  Woodpecker a l l  over lapped >0.900; a l l  o v e r l a p s  were 
s i g n i f i c a n t .  The Yel low-bi l led  Cuckoo, Blue Grosbeak,  and Aber t  Towhee 
a l s o  over lapped s i g n i f i c a n t l y  among themselves .  The Summer Tanager 
over lapped s i g n i f i c a n t l y  w i t h  a l l  t h e s e  s p e c i e s  e x c e p t  t h e  G i l a  
Woodpecker. A l t o g e t h e r ,  among t h e  e i g h t  s p e c i e s  which preyed upon 
c i c a d a s ,  23 of 28 o v e r l a p s  i n  d i e t  were s t a t i s t i c a l l y  s i g n i f i c a n t ,  
a l t h o u g h  seven of t h e s e  were marg ina l .  

I n s e c t  A v a i l a b i l i t y  

As can be seen from F i g u r e  6-10, i n s e c t  biomass v a r i e d  s e a s o n a l l y ,  even 
w i t h i n  t h e  b reed ing  season.  Fur thermore,  i t  i s  sugges ted  t h a t  t h e  
a v a i l a b i l i t y  of l a r g e  i n s e c t s  i n c r e a s e d  through t h e  summer months, w h i l e  
s m a l l  i n s e c t s  and t o t a l  biomass were d e c r e a s i n g  from a  peak i n  May. 
T h i s  t r e n d  is  e s p e c i a l l y  noteworthy,  c o n s i d e r i n g  t h e  d i f f i c u l t y  i n  
sampling l a r g e  mobile i n s e c t s  wi th  sweep n e t s .  

F igure  6-11 shows t h e  r e l a t i v e  c o n t r i b u t i o n  of major  a r t h r o p o d  o r d e r s  t o  
t h e  samples. C o n s i s t e n t  i n  b o t h  y e a r s  was a  peak of homopterans (mainly  
t i n y  c i c a d e l l i d s )  i n  May and an i n c r e a s e  i n  o r t h o p t e r a n s  u n t i l  J u l y .  A 
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F i g u r e  6-8. D i e t  o v e r l a p  among 13 r i p a r i a n  b i r d s - p e r c e n t  f r equency .  
Over laps  from Table  6-13. S p e c i e s  codes  from Table 6-1. 
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F i g u r e  6-9. D i e t  o v e r l a p  among 13 r i p a r i a n  b i r d s - p e r c e n t  volume.  
S p e c i e s  c o d e s  f rom Tab1 e 6-1. 



Table  6-10. D i e t  o v e r l a p  among 1 3  s p e c i e s  of r i p a r i a n  b i r d s ,  based on weighted average  f requency of p rey  
c a t e g o r i e s .  Overlap and s i g n i f i c a n c e  t e s t s  a s  i n  Table  6-6. NS(*) i n d i c a t e s  m a r g i n a l l y  
s i g n i f i c . a n t  o v e r l a p  ( s e e  t e x t ) .  Spec ies  codes from Table  6-1. 
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Figure  6-11. Taxonomic breakdown of a r t h r o p o d  samples  i n  cottonwood- 
wi l low h a b i t a t .  
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few c i c a d a s  i n  t h e  J u l y  1978 sample c o n t r i b u t e d  g r e a t l y  t o  i t s  biomass ,  
bu t  i n  g e n e r a l  a  huge p o p u l a t i o n  of c i c a d a s  was n o t  r e p r e s e n t e d  a t  t h a t  
t ime . 
To e s t i m a t e  c i c a d a  numbers, d a t a  from R. G l i n s k i  ( p e r s .  comm.) were used 
a s  r e p r e s e n t a t i v e  of cottonwood-willow-salt  c e d a r  h a b i t a t  i n  Arizona 
( F i g .  6-12).  These were s u c c e s s i v e  weekly c o u n t s  of e x u v i a  on p l o t s  
a l o n g  t h e  San Pedro River  i n  s o u t h e a s t e r n  Arizona d u r i n g  t h e  summer of 
1978. The s p e c i e s  of c i c a d a  was t h e  same a s  on t h e  p r e s e n t  s t u d y  p l o t ,  
and a  q u a l i t a t i v e  comparison of h a b i t a t  and c i c a d a  p o p u l a t i o n s  ( n o i s e  
l e v e l s )  s u g g e s t s  t h a t  t h e s e  d a t a  a r e  r e l e v a n t  t o  t h i s  s tudy .  

Cicada numbers peaked a t  n e a r l y  700,000 p e r  40 h a  on 2 1  J u l y  and 
d e c l i n e d  s t e a d i l y  u n t i l  l a t e  August. Average number of a d u l t  c i c a d a s  
emerging through t h e  sampling p e r i o d  was 250,000 p e r  40 h a  p e r  week. 
These numbers, superimposed on t h e  sweep samples ,  i n d i c a t e  a v a i l a b i l i t y  
of l a r g e  i n s e c t s  t o  b i r d s  i n  mid-summer, and t h i s  was c e r t a i n l y  
r e p r e s e n t e d  i n  t h e  d i e t s  of many s p e c i e s  ( s e e  F i g s .  6-5 and 6-7). 

DISCUSSION 

Community o r g a n i z a t i o n  i n  t h i s  r i p a r i a n  f o r e s t  was complex. Many of t h e  
measured v a r i a b l e s  were impor tan t  d e t e r m i n a n t s  of b i r d  s p e c i e s  p a t t e r n s ,  
and t h e s e  v a r i a b l e s  were h i g h l y  c o r r e l a t e d  when c o n s i d e r e d  
s imul taneous ly .  I n  a d d i t i o n ,  i t  is  c l e a r  t h a t  s e t s  of s p e c i e s  responded 
d i f f e r e n t l y  t o  p a t t e r n s  of h a b i t a t  and r e s o u r c e  a v a i l a b i l i t y .  
R e l a t i o n s h i p s  between measured n i c h e  a x e s  and t h e  e c o l o g i c a l  groups  t h a t  
made up t h i s  b i r d  community w i l l  be d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

S p e c i e s  usage p a t t e r n s  i n d i c a t e d  a h i g h  d e g r e e  of o v e r l a p  w i t h  r e s p e c t  
t o  bo th  space and food and a l s o  t h a t  p a r t i t i o n i n g  was n o t  w e l l  developed 
w i t h i n  t h i s  community. How t h i s  can be r e c o n c i l e d  i n  l i g h t  of t h e o r i e s  
t h a t  p r e d i c t  op t imal  mechanisms f o r  a v o i d i n g  c o m p e t i t i o n  w i l l  a l s o  be 
d i s c u s s e d .  

H a b i t a t  S e l e c t i o n  

Within t h e  r i p a r i a n  ecosystem of t h e  Colorado River  v a l l e y ,  
cottonwood-willow f o r e s t  s t a n d s  p r o v i d e  v i r t u a l l y  t h e  o n l y  t a l l  t r e e s  
r e q u i r e d  by s e v e r a l  canopy- and c a v i t y - n e s t i n g  s p e c i e s .  T h i s  s t r u c t u r a l  
component of t h e  h a b i t a t  was a p r e r e q u i s i t e  f o r  t h e  c o e x i s t e n c e  of many 
s p e c i e s  i n  t h i s  s tudy .  However, w i t h i n  t h e  r e l a t i v e l y  homogeneous 
r i p a r i a n  f o r e s t  s t u d i e d ,  m i c r o h a b i t a t  ( w i t h i n - h a b i t a t  p l o t s )  s e p a r a t i o n  
was minimal,  sugges t ing  t h a t  h a b i t a t  s e l e c t i o n  may be o n l y  coarse-  
g r a i n e d  i n  most r i p a r i a n  s p e c i e s .  There was, of c o u r s e ,  s e p a r a t i o n  by 
f o r a g i n g  method. A few t r e n d s  w i t h i n  t h e  community a r e  of i n t e r e s t .  

Those s p e c i e s  showing no a s s o c i a t i o n  wi th  any p l a n t  s p e c i e s  ( T a b l e  6-5) ,  
t h u s  i n d i c a t i n g  a t  l e a s t  a  t o l e r a n c e  of s a l t  c e d a r ,  were t y p i c a l l y  
h a b i t a t  g e n e r a l i s t s  w i t h i n  t h e  o v e r a l l  r i p a r i a n  system. Near ly  a l l  
a t t a i n e d  h i g h e r  d e n s i t i e s  away from t h e  cottonwood-willow f o r e s t ,  and 
a l l  occurred i n  pure s t a n d s  of s a l t  c e d a r  (Anderson and Ohmart 1977).  
Other  h a b i t a t  g e n e r a l i s t s ,  i n c l u d i n g  most o t h e r  l o c a l  permanent r e s i d e n t  
s p e c i e s ,  were a b s e n t  from t h i s  f o r e s t  p l o t .  The Ash-throated 
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F l y c a t c h e r ,  Verdin ,  and Blue Grosbeak showed an  a f f i n i t y  f o r  t h e  edge of 
t h e  p l o t ,  s u g g e s t i n g  t h a t  t h e y  were on ly  marg ina l  members of t h i s  b i r d  
community. 

The two ground f o r a g e r s  d i d  n o t  show t h i s  avoidance of t h e  i n t e r i o r  of 
t h e  p l o t .  Abert  Towhees occur  i n  a l l  h a b i t a t s  a long  t h e  lower Colorado 
River  where t h e r e  i s  dense  u n d e r s t o r y ,  whereas t h e  Song Sparrows' 
d i s t r i b u t i o n  appears  t o  depend on t h e  p resence  of s u r f a c e  wat.er and n o t  
on any. p l a n t  community. Ground f o r a g e r s  i n  g e n e r a l  may view v e g e t a t i o n  
main ly  a s  cover  and t h e r e f o r e  may n o t  respond t o  changes i n  t h e  upper  
canopy of f o r e s t s  ( S t i l e s  1980).  

The remaining s p e c i e s  were woodpeckers and summer v i s i t o r  i n s e c t i v o r e s .  
A l l  p r e f e r r e d  mature cottonwood-willow s t a n d s  i n  t h e  Colorado River  
v a l l e y ,  and n e a r l y  a l l  were a b s e n t  from pure  s t a n d s  of s a l t  cedar .  Th i s  
was r e f l e c t e d  i n  t h e i r  unanimous avoidance of s a l t  c e d a r  a r e a s  on t h e  
p l o t .  The problems t h a t  t h i s  e x o t i c  invader  impose on r i p a r i a n  b i r d  
s p e c i e s  i n  t h e  r e g i o n  a r e  w e l l  documented (Anderson e t  a l .  1977b, Cohan 
e t  a l .  1978).  

Only t h e  Common Yel lowthroa t  showed a d i s t i n c t  p r e f e r e n c e  f o r  s p e c i f i c  
p o r t i o n s  of t h e  p l o t .  Th i s  s p e c i e s  i s  t y p i c a l l y  a s s o c i a t e d  w i t h  
emergent marsh v e g e t a t i o n  throughout  i t s  range  and was among t h e  few 
m i c r o h a b i t a t  s p e c i a l i s t s  on a h i g h  e l e v a t i o n  r i p a r i a n  p l o t  (Eckhardt  
1979) .  

Both primary and secondary c a v i t y - n e s t i n g  s p e c i e s  tended t o  occur  a t  t h e  
same p o i n t s  on t h e  p l o t ,  i n d i c a t i n g  bo th  a shared  h a b i t a t  p r e f e r e n c e  and 
a f a i l u r e  t o  exclude each o t h e r  from p r e f e r r e d  a r e a s .  However, 
a g g r e s s i o n  and d i r e c t  compet i t ion  f o r  a c t u a l  n e s t  c a v i t i e s  was observed.  
Counts of snags  i n d i c a t e d  on ly  a 30% usage of p o t e n t i a l  s i t e s  (T. Brush,  
unpubl.  MS t h e s i s ) ,  and wi thou t  m a n i p u l a t i v e  exper iments  i t  i s  d i f f i c u l t  
t o  a s s e s s  t o  what e x t e n t  such c o m p e t i t i o n  may be l i m i t i n g  p o p u l a t i o n s  of 
t h e s e  s p e c i e s .  

Thus, i n  g e n e r a l ,  o v e r a l l  h a b i t a t  p r e f e r e n c e s  of t h e  s p e c i e s  throughout  
t h e i r  r anges  were r e f l e c t e d  i n  t h e i r  m i c r o h a b i t a t  s e l e c t i o n  on t h e  s t u d y  
p l o t .  F a i l u r e  of s p e c i e s  t o  avo id  o r  exc lude  one a n o t h e r  s u g g e s t s  t h a t  
f o r  each s p e c i e s  t h i s  p rocess  was independent  of t h e  o t h e r  s p e c i e s  
p r e s e n t .  An assumption of i n t e r s p e c i f i c  c o m p e t i t i o n  i s  n o t  n e c e s s a r y  t o  
e x p l a i n  t h e  observed s p a t i a l  d i s t r i b u t i o n  of t h e  s p e c i e s .  

A c o n s i s t e n t  r e l a t i o n s h i p  e x i s t e d  between d e n s i t y ,  d e g r e e  of clumping, 
and t h e  p r e f e r r e d  v e g e t a t i o n  s t r a t a  f o r  t h e  b i r d  s p e c i e s .  High d e n s i t y  
s p e c i e s  tended t o  be clumped and t o  occur  i n  t h e  u n d e r s t o r y  l a y e r s ,  
whereas low d e n s i t y  s p e c i e s  occur red  i n  t h e  canopy and tended t o  be 
d i s p e r s e d  over  t h e  p l o t .  Both dense  s a l t  c e d a r  and emergent c a t - t a i l s  
and b u l r u s h e s  were p a t c h i l y  d i s t r i b u t e d ,  and t h e s e  l a r g e l y  determined 
t h e  clumped d i s t r i b u t i o n  of t h e  t h r e e  u n d e r s t o r y  s p e c i e s .  Fur thermore,  
t o t a l  f o l i a g e  d e n s i t y  i n  t h e  lower s t r a t a  was much g r e a t e r  than  i n  t h e  
canopy and was c o r r e l a t e d  w i t h  t h e  c l o s e  packing among t h e  h i g h  d e n s i t y  
s p e c i e s .  
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An exception to this generality was the Northern Oriole, which attained 
a higher density than other canopy species. Pleasants (1979) showed 
that Northern Orioles exhibit a cline from strict territoriality to 
semicoloniality, concomitant with extended feeding trips outside the 
riparian nesting zones. Northern Orioles on this plot may have 
exhibited this weakening of territorial behavior. Furthermore, 
territories on the plot often contained more than two birds; typically a 
subadult male accompanied each pair. No other species on the plot 
showed this tendency, and this situation merits further study. 

Fretwell (1972) suggested that breeding density within a habitat may be 
limited more by factors related to nest sites than to food supply. If 
density-dependent nest mortality was important, then the abundant 
presence of open dove nests on this plot would have affected 
open-nesting species more than their own individual nest densities. 
Plots with and without doves were not available to test this hypothesis. 
Moreover, there were no consistent differences between cavity- and 
canopy-nesters in terms of distribution pattern. 

The results of this study cannot elucidate the mechanism of population 
regulation. However, it seems possible that social behavior such as 
territoriality may serve to limit population densities even when not 
mediated by local resource levels (Franzblau and Collins 1980). 

Resource Exploitation Pattern 

The relationship between morphology, behavior, and diet has received 
much theoretical and empirical attention (e.g., Emlen 1966, Schoener 
1971, Pulliam 1974). Virtually all considerations of optimal foraging 
concern the coexistence of species, with special attention given to 
potential competitive interactions. 

The grouping of species into guilds (Root 1967) has allowed a meaningful 
examination of these patterns among species. In the riparian forest 
community, some guilds were clearly defined (woodpeckers, ground 
foragers), whereas the large canopy feeding group was behaviorally less 
homogeneous. Although no true salliers were present in this community, 
a gradient did exist between specialist gleaners and more active 
hoverers and hawkers, corresponding in part to the "active" and 
"passive" searchers of Eckhardt (1979). The Summer Tanager, being the 
closest species to a passive searcher in this study, exhibited the most 
diverse foraging behavior and diet. This is in agreement with 
Eckhardt's empirical findings, which contradicted a major prediction of 
optimal foraging theory, that such predators should specialize. 

Also pertinent was Eckhardt's (1979) finding that specialist gleaners 
exploited a smaller total foraging space than did flycatching species. 
This may have contributed to the clumped distribution and high density 
of Northern Orioles,, compared with other canopy species in this study. 

Hovering as a prey-capture maneuver requires a set of adaptations 
intermediate between those predicted for the extremes of purely active 
or passive searching. Prey may be located during either stationary or 
active periods in the bird's behavioral sequence and although capture in 
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f l i g h t  probably involves  a  l a r g e  energy expendi ture  r e l a t i v e  t o  
s ea rch ing ,  a c t u a l  p u r s u i t  of prey i s  no t  necessary.  Although t h e s e  
measures were no t  quan t i f i ed  i n  t h e  p re sen t  s tudy ,  i t  i s  of i n t e r e s t  
t h a t  hovering i s  a  predominant behavior  among t h e  canopy spec i e s .  It is  
l i k e l y  t h a t  t h e  dense and continuous canopy f o l i a g e  i n  t h i s  s tand  
minimized the  o p p o r t u n i t i e s  f o r  a e r i a l  hawking of i n s e c t s ;  indeed ,  t r u e  
s a l l i e r s  (e .g . ,  Western Kingbird) were common i n  o t h e r  more open o r  
patchy f o r e s t  s t ands  near  t h e  s tudy s i t e .  

Since hovering maneuvers involved prey cap tu re  on a  f o l i a g e  s u b s t r a t e ,  
d i e t s  of s p e c i e s  e x h i b i t i n g  t h i s  behavior might n o t  be expected t o  
d i f f e r  g r e a t l y  from those  of more s p e c i a l i z e d  f o l i a g e  g l eane r s .  I n  both 
c a s e s ,  i n s e c t s  were sought whose main preda tor  defense  was concealment 
r a t h e r  than escape (Root 1967). Indeed, t h e  a c t u a l  d i e t s  of a l l  
medium-sized f o l i a g e  i n s e c t i v o r e s  were very  s i m i l a r ,  and t h e  f i n e r  
s p l i t t i n g  of t h e  canopy-feeding g u i l d  seems u n j u s t i f i e d .  

I f  t h r e e  forag ing  g u i l d s ,  r e f l e c t i n g  major fo rag ing  o p p o r t u n i t i e s ,  were 
t h e  func t iona l  u n i t s  of t h i s  b i r d  community, then i n t e r s p e c i f  i c  
r e l a t i o n s h i p s  w i th in  t he se  g u i l d s  should u l t i m a t e l y  determine t h e  
s p e c i e s  composition of t h e  community. Both t h e  ground forag ing  and 
woodpecker g u i l d s  were small  and made up of morphological ly  d ive rgen t  
spec i e s .  In  f a c t ,  ad j acen t  p a i r  s i z e  and b i l l  l e n g t h  r a t i o s  w i t h i n  
t h e s e  g u i l d s  were n e a r l y  i d e n t i c a l  t o  those  p red i c t ed  by Hutchinson 
(1959) t o  permit coexis tence .  D i e t s  w i th in  t h e s e  g u i l d s  were a l s o  
d ivergent .  

A s i m p l i s t i c  explana t ion  based on competi t ion f o r  l i m i t e d  resources  i s  
i n v i t i n g ,  bu t  c l o s e r  examination r e v e a l s  a  more complex p i c t u r e .  
Systematic  d i f f e r e n c e s  i n  body s i z e  among t h e  woodpeckers were n o t  
p a r a l l e l e d  by s i m i l a r  d i f f e r e n c e s  i n  d i e t ;  t h e  l a r g e s t  spec i e s  (Common 
F l i c k e r )  a t e  t h e  sma l l e s t  prey. Furthermore, i n t e r g u i l d  over lap  i n  d i e t  
between the  G i l a  Woodpecker and the  Abert Towhee was h igher  than i n  any 
i n t r a g u i l d  comparison, and both t he se  spec i e s  overlapped s i g n i f i c a n t l y  
w i th  s e v e r a l  members of t h e  canopy-feeding g u i l d .  

I n  c o n t r a s t ,  t h e  canopy-feeding g u i l d  was much more t i g h t l y  packed and 
c o n s i s t e n t l y  showed a  h igh  degree of ove r l ap  i n  bo th  behavior  and d i e t .  
Although l a r g e  s i z e  d i f f e r e n c e s  r e s u l t e d  i n  major d i f f e r e n c e s  i n  d i e t ,  
more s u b t l e  d i f f e r e n c e s  i n  b i l l  morphology o r  body s i z e  were no t  
r e f l e c t e d  i n  e i t h e r  prey s i z e  use o r  d i e t  composition d i f f e r e n c e s .  
Furthermore, d ive rgen t  behavior most o f t e n  d id  no t  r e s u l t  i n  d i f f e r e n t  
d i e t s .  

Deta i led  explana t ions  of these  p a t t e r n s  and t h e i r  re levance  t o  
t h e o r e t i c a l  ecology a r e  beyond the  scope of t h i s  chap te r  and a r e  
presented by Rosenberg (1980) and Rosenberg e t  a l .  (1982).  However a  
summary of our conclusions i s  r e l evan t  t o  t h e  management recommendations 
t h a t  follow. 

F i r s t ,  i t  can be reasonably argued t h a t  t h i s  b i r d  community i s  not  
l i m i t e d  by food supply during t h e  breeding season. The high degree of 
d i e t a r y  ove r l ap ,  t h e  convergence of summer breeding wi th  a  peak i n  
c i cada  numbers, and the  l ack  of s p a t i a l  s eg rega t ion ,  t oge the r  sugges t :  
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(1 )  t h a t  i n t e r s p e c i f i c  compet i t ion i s  not  an important f o r c e  i n  
organiz ing  t h i s  b i r d  community, and ( 2 )  t h a t  t he  community may have 
evolved i n  response t o  an annual  resource  peak. This  i s  d iscussed  i n  
more d e t a i l  i n  Rosenberg e t  a l .  (1982). Competition could be more acu t e  
i f  a  "bad" year  f o r  c i cadas  was experienced. 

Second, i t  i s  apparent  t h a t  t h e  seasona l  n a t u r e  of t h e  food supply 
d i f f e r e n t i a l l y  a f f e c t s  va r ious  subgroups w i th in  t h e  community. Guilds  
of spec i e s  exp lo i t i ng  bark and ground s u b s t r a t e s  presumably f i n d  a  
r e l a t i v e l y  s t a b l e  food supply year  round and a r e  t hus  permanent 
r e s i d e n t s  on the  p l o t .  Gui lds  e x p l o i t i n g  f o l i a g e  and a e r i a l  i n s e c t s  i n  
t h e  canopy a r e  exposed t o  a  h igh ly  seasona l  food supply and a r e  t hus  
p re sen t  only where t he se  foods a r e  abundant i n  summer. Various seasona l  
groups ( r e s i d e n t s  vs .  v i s i t o r s )  and forag ing  g u i l d s  may then be under 
very  d i f f e r e n t  long-term n a t u r a l  s e l e c t i v e  f o r c e s  and t h e  a p p l i c a t i o n  of 
any s i n g l e  theory t o  t h e  e n t i r e  community may be impossible .  

Management Imp l i ca t i ons  

The o v e r a l l  goa ls  of t h i s  s tudy were t o  provide information e s s e n t i a l  
f o r  t h e  maintenance of an i n t a c t  and d i v e r s e  ecosystem i n  t h e  lower 
Colorado River v a l l e y ,  i n  t h e  f a c e  of f u t u r e  proposed developments and 
f o r  enhancement of t h e  v a l l e y ' s  fauna through vege t a t i on  management. A 
f o r c e f u l  conclusion of t h i s  r e p o r t  i s  t h e  d i sp ropor t i ona t e ly  h igh  va lue  
of n a t i v e  cottonwood-willow h a b i t a t s  t o  b i r d s .  It i s  hoped t h a t  t h i s  
chapter  w i l l  a i d  i n  i nco rpo ra t i ng  a  cottonwood-willow enhancement 
approach i n t o  t he  o v e r a l l  management plan. 

Our f i nd ing  t h a t  va r ious  subgroups wi th in  t he  b i r d  community respond 
d i f f e r e n t l y  t o  po r t i ons  of h a b i t a t  and food a v a i l a b i l i t y  i d e n t i f i e s  t he  
need t o  consider  s e v e r a l  a s p e c t s  of h a b i t a t  management s imultaneously.  
Large changes i n  b i r d  spec i e s  d i v e r s i t y  a s soc i a t ed  wi th  l a r g e  s t r u c t u r a l  
d i f f e r e n c e s  between h a b i t a t s  (MacArthur and MacArthur 1961) a r e  o f t e n  
due t o  t h e  a d d i t i o n  o r  s u b t r a c t i o n  of e n t i r e  forag ing  o r  n e s t i n g  g u i l d s  
(Holmes e t  a l .  1979, S t i l e s  1980). Within each g u i l d ,  number of s p e c i e s  
may be determined by t h e  abso lu t e  abundance and seasona l  n a t u r e  of t h e  
s p e c i f i c  food resources .  What t h i s  means i n  terms of management i s  t h e  
n e c e s s i t y  t o  preserve  o r  c r e a t e  a  d i v e r s i t y  of forag ing  s u b s t r a t e s  and 
n e s t  s i t e s .  

We have shown t h a t  t r e e  f o l i a g e ,  bark ,  and ground l i t t e r  a r e  a l l  heav i ly  
used a s  forag ing  s u b s t r a t e s .  I n  a d d i t i o n ,  n e s t i n g  occurred i n  t r e e  
canopies ,  snags,  and dense unders tory  f o l i a g e .  To main ta in  a l l  
components of the  p re sen t  b i r d  community and t o  r e e s t a b l i s h  missing 
elements i n  a r ea s  under i n t e n s i v e  vege t a t i on  management, t h e  fol lowing 
gu ide l ines  a r e  presented:  (1) maintain a  v i a b l e  popula t ion  of mature ,  
l i v i n g  cottonwood and willow t r e e s ,  p r e f e r ab ly  forming a  cont inuous 
canopy; ( 2 )  a l low o r  encourage t h e  presence of dead snags and branches,  
both s tanding and f a l l e n ;  ( 3 )  mainta in  a  patchy unders tory  of shrub and 
emergent p l an t  s p e c i e s  ( a  continuous unders tory  of s a l t  cedar  i s  not  - 
encouraged); and ( 4 )  a l low f o r  t h e  accumulation of l e a f  and wood l i t t e r ,  
a t  l e a s t  i n  pa r t  of t he  h a b i t a t .  
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Perhaps  our most impor tan t  c o n c l u s i o n  is  t h e  need t o  p r e s e r v e  remaining 
cottonwood-willow habitat i n  t h e  lower Colorado River  v a l l e y .  The B i l l  
Will iams d e l t a  i s  now an e s s e n t i a l  s t ronghold  f o r  b reed ing  s p e c i e s  t h a t  
a r e  r a r e  o r  d e c l i n i n g  e l sewhere  a long  t h e  r i v e r .  Th i s  a r e a  can s e r v e  a s  
a  c o n s t a n t  source  of b i r d s  t h a t  can d i s p e r s e  i n t o  o t h e r  a r e a s  a s  h a b i t a t  
c o n d i t i o n s  improve. The e x i s t e n c e  i n  t h i s  s t u d y  of "edge" and 
11 i n t e r i o r "  f o r e s t  s p e c i e s  i m p l i e s  t h a t  smal l  remaining s t a n d s  may 
a t t r a c t  on ly  a  s u b s e t  of t h e  complete b i r d  community. However, many 
a r e a s  can b e n e f i t  from t h e  k i n d s  of h a b i t a t  improvement ( i r r i g a t i o n ,  
p l a n t i n g ,  s a l t  cedar  c o n t r o l )  t h a t  a r e  demonstra ted i n  t h e  r e v e g e t a t i o n  
r e p o r t  (Anderson and Ohmart 1982).  
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Appendix 6-1. D e f i n i t i o n s  of f o r a g i n g  measures and s t a t e s .  

Measure S t a t e  D e f i n i t i o n  

Method 1. Glean Bird  is  perched; p r e y  i s  c a p t u r e d  
from s u r f a c e  of s u b s t r a t e .  

2. Hover Bird  is  i n  f l i g h t ;  p rey  is  
a t t a c h e d  t o  s u b s t r a t e  s u r f a c e .  

3 .  Hawk Both b i r d  and p rey  a r e  i n  f l i g h t .  

4 .  Peck B i l l  i s  s t r u c k  a g a i n s t  s u b s t r a t e  
t o  expose p rey  below t h e  
s u r f a c e .  

5 .  Probe B i l l  e n t e r s  s u b s t r a t e  t o  c a p t u r e  
p rey  below t h e  s u r f a c e .  

Foraging h i e g h t  1. Ground Ground and l i t t e r .  

2 .  0-6.2 m Unders tory .  

3. 6.2-12.3 m Midcanopy. 

Tree  s p e c i e s  

4. 12.3-21.0 m Upper canopy. 

1. Cottonwood Populus f r e m o n t i i  

2. Willow S a l i x  g o o d d i n g i i  

3.  Dead Dead cottonwood o r  willow. 

4. S a l t  cedar  Tamarix c h i n e n s i s  

5. Other  Honey m e s q u i t e ,  c a t - t a i l s ,  e t c .  

Branch d iamete r  1. <1 cm - 
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Appendix 6-1. (cont . )  

Measure S t a t e  D e f i n i t i o n  

S u b s t r a t e  

Tree po r t i on  1. 

2.  

1. 

2. 

3.  

4 .  

5. 

6 .  

Inner  Larger  branches c l o s e  t o  and 
inc lud ing  t runk.  

Outer Smaller branches and twigs ,  
con ta in ing  most f o l i a g e  

Leaf 

Bark 

Ground 

Air 

Flower o r  
f r u i t  

Surf ace  of 
water 
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CHAPTER 7 

WATER BIRD USE OF NATURAL AND MODIFIED PORTIONS 
OF THE LOWER COLORADO RIVER 

INTRODUCTION 

Natural  h a b i t a t s  along the  lower Colorado River have undergone dramatic  
a l t e r a t i o n s  by man s ince  about 1870. The need f o r  f lood c o n t r o l ,  water  
s t o r a g e ,  hydroe lec t r i c  power, and development of a g r i c u l t u r e  i n  the  
r i p a r i a n  f loodp la in  has promoted impoundments, s t r a i g h t e n i n g ,  dredging,  
and bank reinforcement along much of t h e  lower Colorado River s i n c e  t h e  
e a r l y  1900's (Ohmart e t  a l .  1977).  

There a r e  few q u a n t i t a t i v e  d a t a  on how a l t e r a t i o n s  of d e s e r t  r i v e r s  
a f f e c t  water b i r d s  using these  r i v e r s .  In  t h i s  r e p o r t  we examine 
r e l a t i o n s h i p s  between human use of the  r i v e r ,  bank and channel 
modi f ica t ions ,  abundance of food r e sources ,  and water b i r d  d e n s i t i e s  and 
d i v e r s i t i e s .  

We s tudied  the  water b i r d s  of t he  lower Colorado River between Yuma, 
Arizona and Mohave Lake, Nevada-Arizona border ,  from January 1977 
through February 1979. We compared b i r d  popula t ions  i n  a r e a s  having 
r i v e r  channel and bank a l t e r a t i o n s  wi th  those i n  r e l a t i v e l y  undisturbed 
a r e a s ,  and then examined the  r e a c t i o n s  of s i x  major water b i r d  groups t o  
environmental va r i ab l e s .  We a l s o  analyzed the  importance of exposed 
i s l a n d s  t o  water b i rds .  For a d d i t i o n a l  information on t h e s e  s u b j e c t s  
s e e  Anderson and Ohmart 1977, 1978). 

METHODS 

One t o  t h ree  census a r eas  were e s t ab l i shed  i n  channel ized,  undis turbed ,  
and canyon-embanked po r t ions  of t he  lower 443 km (275 mi) of t h e  
Colorado River during January 1977 (Table 7-1). I n  a d d i t i o n ,  two census 
a r e a s  on r e s e r v o i r s  and two r i v e r  a r e a s  d i r e c t l y  downstream from dams 
were e s t ab l i shed  during November 1977. Census a r e a s  were from 48 t o  500 - 
ha (120 t o  1250 a ;  x = 176 ha = 440 a )  i n  a r ea  and ranged i n  l eng th  from - 
0.3 t o  2.9 km (0.2 t o  1.7 m i ;  x = 0.8 k m  = 0.5 mi).  

Bi rds  using the  r i v e r  ( f eed ing ,  swimming, o r  r e s t i n g )  were censused by 
d i r e c t  count of the  b i r d s  present  made from a boat  a long pre-defined 
reaches of the  r i v e r .  These reaches were i d e n t i c a l  f o r  a l l  censuses.  
Bi rds  occurr ing i n  l a r g e  f locks  were sometimes d i f f i c u l t  t o  count.  In  
such cases ,  we used our b e s t  es t imate .  We assumed a mean r i v e r  width of 
500 f t .  This f i g u r e  mu l t ip l i ed  by t h e  l eng th  of t he  reach and divided 
by 43,560 gave an approximation of acreage censused. Backwaters were 
e l imina ted  from censuses and were no t  included i n  r i v e r  width e s t ima te s .  
The mean of t h r e e  censuses each month provided dens i ty  (n/40 ha [ l o 0  a ] )  
and spec ies  r i chness  (number of d i f f e r e n t  spec i e s )  e s t ima te s .  Species  
wi th  an average monthly d e n s i t y  of 0.5140 ha o r  l e s s  were not  included 
i n  o v e r a l l  dens i ty  and spec i e s  r ichness  es t imates .  Data f o r  winter  1977 
(January and February 1977) ,  win ter  1977-78 (October 1977-February 



Table 7-1. Biological features and descriptions of the study areas on the lower 443 km of the Colorado River. Dashes 
(-) indicate datum not provided. 

Habitat type and Length Area Bank modification Invertebrates Human usage 
transect name (m) (ha) (%/kmIa ( N/m3 > (N/kmIc Latitude Description of habitat 

Channelized river 
Rv 1 6,450 600 65.4 

Undisturbed river 

Backwater 

Rv 6 

409 642 34O 59' d Banks are riprapped . 
Limited meandering of 

121 373 33O 34' river. Deep, swift-moving 
watere. Sparse riparian 

176 1,088 33' 21' vegetation along 
riverbanks. Inhabited by 
people to a large extent. 

608 34' 06' Many adjacent backwaters 
and marshes. Extensive 

608 33' 58' stands of riparian 
C 

vegetation along river- n, 
09 

banks. Slow, shallow, r~ 
e l-t meandering water . Rv 3 e, rr 

receives effluence of an P. 

agricultural wasteway. !3 
5 s 
e, 
09 

328 33' 17' rD Pristine river. Slow, E! shallow, meandering water. s 
Extensive natural riparian l-t 

vegetation along banks. I 

N Extensive stands of benthic o, 
o, vegetation. More 

exposed islands, mudflats, 
sandbars and peninsulas 
than any other study area. 



Table 7-1. (cont .) 

Habitat type and Length Area Bank modification Invert brates Human usage 
transect name (d (ha) ( ~ l k m ) ~  ( N/m5) ( N/ km) Latitude Description of habitat 

Canyon embanked 

Below dams 

Rv 8 

Rv 10 

Reservoirs 

Rv 9 

Rv 10 

579 33O 00' Generally banks consist of 
steep, rocky canyon walls 
with little vegetation. 
Water is deep and swift. 
Many adjacent lakes and 
backwaters away from river. 

643 35' 06' Directly downstream from 
dams. 

2,376 34'17' Very swift, cool watere. 
C 

8,062 2,125 - 35' 09' Major reservoirs. P. 
i-t 

0 
P 

12,900 2,425 1,521 34' 17' Has coves and beaches. 
Little riparian vegetation $ 

3 
along shore. e, 

09 
rD 

2 
a 
Banks modified with riprap and/or dirt fill per km of river. 

b 
The number of invertebrates per cubic meter of river (Minckley 1979). 

5 
i-t 

I 
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1978),  and win te r  1978-79 (October 1978-February 1979) were analyzed f o r  
t h i s  r epo r t .  Data f o r  spr ing  and summer months were not  included 
because b i rd  d e n s i t i e s  decreased t o  such low va lues  during those seasons 
t h a t  s t a t i s t i c a l  ana lyses  were meaningless. I f  r i v e r i n e  h a b i t a t s  a r e  
c r i t i c a l  t o  those spec i e s  present  i n  the  summer, i t  seems l i k e l y  t h a t  
t h e  high flows a t  t h a t  time render t he  r i v e r  an almost wor th less  h a b i t a t  
f o r  them. 

2 Food resource informat ion ,  inc luding  number of i n v e r t e b r a t e s  &n/m , 
number of i n v e r t e b r a t e  t axa ,  inv  r t e b r a t e  biomass (kg/ha x 10 ) , and 5 aqua t i c  p l an t  s tanding  crop (g/m ) a r e  from Minkley (1979).  Number of 
people (n/km/month) us ing  the  r i v e r  f o r  r e c r e a t i o n a l  purposes (swimming, 
f i s h i n g ,  hunt ing,  tub ing ,  boat ing)  on our census a r e a s  i s  from Greey e t  
a l .  (1976-1978). 

Simple l i n e a r  r eg re s s ions  were used t o  i n d i c a t e  t h e  e x t e n t  of 
c o l i n e a r i t y  between independent v a r i a b l e s .  Problems of m u l t i p l e  
c o l i n e a r i t y  among independent v a r i a b l e s  were reduced by us ing  only those  
independent v a r i a b l e s  which co r re l a t ed  l e s s  than  r = 0.8. 

Two-way a n a l y s i s  of var iance  (ANOVA) and r eg res s ion  a n a l y s i s  were used 
t o  t e s t  d i f f e r ences  i n  d e n s i t i e s  and spec ies  r i chness  from month t o  
month and a rea  t o  a rea .  Only a r e a s  designated Rv 1 through Rv 7 (Table 
7-1) were used f o r  a n a l y s i s  of va r i ance ,  s i n c e  d a t a  had been co l l ec t ed  
during fewer months on the  remaining census a r e a s  (des igna ted  Rv 8 
through 11) .  Rela t ionships  between independent v a r i a b l e s  and t o t a l  
av ian  d e n s i t i e s  and d i v e r s i t i e s  were evaluated wi th  simple 
product-moment l i n e a r  r eg re s s ions  and s tepwise m u l t i p l e  l i n e a r  
regress ion .  ANOVA was used t o  determine s i g n i f i c a n c e  l e v e l s .  

S ix  groups of water b i r d s  c o l l e c t i v e l y  c o n s t i t u t e d  90% o r  more of t he  
t o t a l  avian dens i ty .  These groups included: ( I )  loons (Gaviidae) and 
grebes (Podic ipedidae) ,  ( 2 )  diving ducks (Aythyinae) ,  ( 3 )  puddle ducks 
(Anat inae) ,  ( 4 )  coots  and g a l l i n u l e s  ( R a l l i d a e ) ,  ( 5 )  shorebi rds  
(Scolopacidae) and avoce ts  and s t i l t s  (Recurv i ros t r idae ) ,  and (6 )  g u l l s  
(Lar idae) .  Density of each of these  s i x  groups was compared with the  
independent v a r i a b l e s  t o  determine i f  groups responded t o  food resource  
and h a b i t a t  v a r i a b l e s  i n  s imi l a r  ways. Since water b i r d  d e n s i t i e s  
va r i ed  considerably from a normal curve,  and because d i s t r i b u t i o n s  could 
no t  be normalized, we used nonparametric s t a t i s t i c s  f o r  t h i s  ana lys i s .  

Number of water b i r d s ,  people (n/km/month), bank modi f ica t ion  
(percent /km),  and food resource base per census a r e a  were ranked a c r o s s  
a l l  census a r eas .  The Spearman-rank t e s t  (S iege1  1956) was used t o  
d e r i v e  c o r r e l a t i o n  c o e f f i c i e n t s  ( r s )  between rank6 of water b i rd  
d e n s i t i e s  and ranks of independent va r i ab l e s .  Resul t s  i n d i c a t e  t he  
amount of h a b i t a t  used r e l a t i v e  t o  i t s  a v a i l a b i l i t y .  The a v a i l a b l e  
h a b i t a t  is represented  by independent v a r i a b l e s  a s soc i a t ed  with each 
census a r ea  represented.  Use of h a b i t a t  i s  represented  by d i s t r i b u t i o n  
of water b i rd  populat ions i n  r e l a t i o n  t o  t he  independent va r i ab l e s .  

A s i g n i f i c a n t  p o s i t i v e  r suggests  t h a t  water b i r d  d e n s i t i e s  were higher  
wherever a  p a r t i c u l a r  h a g i t a t  f e a t u r e  was present .  On the  o ther  hand, a  
s i g n i f i c a n t  nega t ive  r i n d i c a t e s  t h a t  the  f e a t u r e  of t h e  h a b i t a t  i n  

S 
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q u e s t i o n  was avoided by wate r  b i r d s .  An r of n e a r  z e r o  i n d i c a t e s  t h a t  
w a t e r  b i r d  d e n s i t i e s  were independent  of tEe env i ronmenta l  v a r i a b l e  i n  
q u e s t i o n .  

The Kolmogorov-Smirnov One Sample t e s t  (Soka l  and Rohlf 1969) was used 
t o  de te rmine  t h e  amount of t h e  h a b i t a t  which was being used ,  based on 
t h e  r e l a t i v e  b r e a d t h  of h a b i t a t  p o t e n t i a l l y  a v a i l a b l e  f o r  u s e  ( i . e . ,  t h e  
b r e a d t h  of t h e  h a b i t a t s  we s t u d i e d ) .  I f  t h e r e  were more n e g a t i v e  t h a n  
p o s i t i v e  expected v a l u e s ,  and t h e  maximum h a b i t a t  used (KS "D") was 
s i g n i f i c a n t ,  t h e  p o r t i o n  used was narrower  t h a n  t h e  t o t a l  e x t e n t  of t h e  
h a b i t a t  f e a t u r e  and may o r  may n o t  have over lapped  i t .  When t h e r e  were 
more p o s i t i v e  t h a n  n e g a t i v e  expected v a l u e s  and t h e  maximum D was 
s i g n i f i c a n t ,  t h e  h a b i t a t  used was b roader  t h a n  and over lapped t h e  
d i s t r i b u t i o n  of t h e  h a b i t a t  v a r i a b l e  over  t h e  a r e a  we s t u d i e d  i n  
q u e s t i o n .  

Numbers of m u d f l a t s  and sandbars  ( i s l a n d s ) ,  which v a r y  c o n s i d e r a b l y  from 
t ime t o  t ime because  of r i v e r  l e v e l  f l u c t u a t i o n s ,  were recorded d u r i n g  
each  census  and were averaged f o r  t h e  s t u d y  p e r i o d .  Combined d e n s i t i e s  
of wa te r  b i r d s  c h a r a c t e r i s t i c a l l y  a s s o c i a t e d  w i t h  i s l a n d s  (puddle  ducks ,  
s h o r e b i r d s ,  c o o t s  and g a l l i n u l e s ,  and herons )  were a l s o  averaged f o r  t h e  
e n t i r e  s tudy.  Div id ing  w a t e r  b i r d  d e n s i t y  by t h e  number of i s l a n d s  
r e s u l t e d  i n  t h e  number of b i r d s  p e r  i s l a n d  p e r  census  a r e a .  

RESULTS AND DISCUSSION 

C o r r e l a t i o n  of H a b i t a t  C h a r a c t e r i s t i c s  
w i t h  Water Bird  D e n s i t i e s  and D i v e r s i t i e s  

D e n s i t i e s  and Spec ies  Richness .  A two-way ANOVA i n d i c a t e d  s i g n i f i c a n t  
d i f f e r e n c e s  i n  wa te r  b i r d  d e n s i t i e s  (1-1140 h a )  and s p e c i e s  r i c h n e s s  among 
y e a r s  and a r e a s  ( T a b l e  7-2). During t h e  second y e a r ,  d e n s i t i e s  were 
lower t h a n  d u r i n g  t h e  f i r s t  y e a r  i n  f i v e  of seven census  a r e a s .  
D e n s i t i e s  d u r i n g  t h e  l a s t  yea r  exceeded t h o s e  of t h e  f i r s t  y e a r  i n  f i v e  
of seven census  a r e a s ,  and exceeded t h o s e  of t h e  second y e a r  i n  e i g h t  of 
11 a r e a s .  Within-year d i f f e r e n c e s  i n  d e n s i t i e s  from month t o  month i n  
each  a r e a  were n o t  s i g n i f i c a n t  ( P  = 0.25) ,  b u t  d i f f e r e n c e s  between a r e a s  
were s i g n i f i c a n t  (P<0.005),  s u g g e s t i n g  t h a t  an  a n a l y s i s  of f a c t o r s  
v a r y i n g  from a r e a  t o  a r e a  might be u s e f u l  i n  e x p l a i n i n g  t h e  observed 
d i f f e r e n c e s  i n  d e n s i t y .  

During t h e  second season ,  s p e c i e s  r i c h n e s s  ( T a b l e  7-2) was lower t h a n  i n  
t h e  f i r s t  season  f o r  f i v e  of seven census  a r e a s .  S p e c i e s  r i c h n e s s  
d u r i n g  t h e  l a s t  y e a r  exceeded t h a t  of t h e  f i r s t  y e a r  i n  f o u r  of s i x  
a r e a s ,  and t h a t  of t h e  second year  i n  s i x  of 11 a r e a s .  D i f f e r e n c e s  i n  
s p e c i e s  r i c h n e s s  were s i g n i f i c a n t  (P<0.001) from month t o  month bu t  were 
n o t  s i g n i f i c a n t  from a r e a  t o  a r e a  ( P  = 0.16) ,  s u g g e s t i n g  t h a t  an 
a n a l y s i s  of f a c t o r s  va ry ing  from a r e a  t o  a r e a  would n o t  be u s e f u l  i n  
e x p l a i n i n g  between-area d i f f e r e n c e s  i n  s p e c i e s  r i c h n e s s .  

There  were more b i r d s  below dams and i n  und is tu rbed  a r e a s  ( T a b l e  7-2). 
The f a c t  t h a t  d i f f e r e n c e s  i n  b i r d  d e n s i t i e s  occur red  between a r e a s ,  
r a t h e r  t h a n  between months f o r  a  g iven  a r e a ,  i n d i c a t e s  t h a t  something 
o t h e r  than  temporal  f a c t o r s  may have been r e s p o n s i b l e  f o r  t h e s e  
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Table 7-2. Average water b i r d  d e n s i t i e s  (D = bi rds /40  ha)  and spec i e s  
r ichness  ( R ) ,  win ter  1977 t o  win ter  1978-79. Analyses of 
var iance  r e s u l t e d  i n  n  (sample s i z e ) ,  F - s t a t i s t i c ,  and P 
( s t a t i s t i c a l  s i g n i f i c a n c e )  by rows (season d i f f e r e n c e s )  and 
columns ( a r e a  d i f f e r e n c e s ) .  Rv 1 ,  Rv 2 ,  etc.  a r e  s tudy  a r e a  
des igna t ions .  

Winter 

Study a rea  D R D R D R D R 

Channelized r i v e r  

Rv 1  9  1  14 33 9  20 7  37 9  

Rv 4 32 9  

Rv 5 5  5 6  

Undisturbed r i v e r  

Rv 2 16 7 11 

Rv 3 121 18 

Backwater 

Rv 6 503 22 

Canyon embanked 

Rv 7 13 4 

Below dams 

Rv 8  

Rv 10 

Reservoirs  

Rv 9  

Rv 11 

-4 
X 
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Table 7-2. (cont . )  

n F - s t a t i s t i c  P den P R 

** 
Rows 83 7.73-11.82 0.25 0.001 

** 
Columns 8 3 1.32-2.08 0.005 0.16 

* 
Since the  winter  of 1977 had fewer months than  succeeding w i n t e r s  and 
d a t a  from Rv 8-11 were not  acquired u n t i l  t h e  second year  of 
censusing,  averages vary  from t h e  number derived by simply averaging 
d a t a  from the  th ree  win ters .  

** 
Analyses of average d e n s i t i e s  and spec i e s  r i chness  i n  rows and columns 
a r e  taken from Rv 1-7 only. 
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Table 7-3. Correlation matrix (r) indicating extent of co-linearity 
between biological characteristics of study areas of the 
lower Coiorado River. 

Invertebrate 
Plant 

st anding Human 
Density Biomass Taxa crop use 

Invert brate 5 (n/m ) density 

Invertebrate 
3 biomass (kg/m ) 0.687 

Number of 
invertebrate taxa 
(n/km) 0.117 0.720 

Plant stand'ng 3 
crop (g/m 0.546 0.503 0.502 

Human use (n/km) -0.314 -0.416 -0.690 -0.920 

Bank modification 
(%/km) -0.555 -0.509 -0.652 -0.852 0.585 
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d i f f e r e n c e s .  Regress ion a n a l y s i s  of wa te r  b i r d  d e n s i t i e s  and v a r i o u s  
o t h e r  b i o l o g i c a l  f e a t u r e s  a s s o c i a t e d  w i t h  t h e  a r e a s  was u s e f u l  i n  
e x p l a i n i n g  w a t e r  b i r d  d e n s i t y  d i f f e r e n c e s .  

Simple L i n e a r  Regress ions .  Independent  v a r i a b l e s  which showed low 
c o l i n e a r i t y  included human u s e ,  p e r c e n t  bank m o d i f i c a t i o n ,  and number of 
i n v e r t e b r a t e s  (Tab le  7 - 3 ) .  ~ ~ u a t i c  p l a n t  s t a n d i n g  c rop  showed a  
s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  w i t h  t h e  number of i n v e r t e b r a t e  t a x a ,  
i n d i c a t i n g  t h a t  a s  t h e  number of i n v e r t e b r a t e s  v a r i e d ,  so  d i d  s t a n d i n g  
c rop .  There fore  t h e s e  v a r i a b l e s  were n o t  t r e a t e d  independen t ly ;  t h e  
number of i n v e r t e b r a t e s  and a q u a t i c  p l a n t  s t a n d i n g  c rop  combined seemed 
r e p r e s e n t a t i v e  of t h e  food r e s o u r c e  base .  The v a r i a b l e s  human u s e ,  
p e r c e n t  bank m o d i f i c a t i o n ,  and food r e s o u r c e  b a s e  were used i n  t h e  
c o r r e l a t i o n  w i t h  a v i a n  d e n s i t i e s .  

Food r e s o u r c e  base-avian d e n s i t y  c o r r e l a t i o n s  were p o s i t i v e  f o r  a l l  
months and were s i g n i f i c a n t  (P<0.05) d u r i n g  s i x  months ( F i g .  7-1). I n  
c o n t r a s t ,  a v i a n  d e n s i t y  c o r r e l a t e d  n e g a t i v e l y  w i t h  t h e  number of people  
i n  seven of t h e  12 months,  n e g a t i v e l y  w i t h  p e r c e n t  bank m o d i f i c a t i o n  i n  
a l l  months, and was s i g n i f i c a n t  f o r  t h r e e  months ( F i g .  7-1). 

I n  g e n e r a l  t h e  r e s u l t s  sugges t  t h a t  food r e s o u r c e s  a f f e c t  wa te r  b i r d  
d e n s i t i e s  p o s i t i v e l y  and t h a t  bank m o d i f i c a t i o n ,  and perhaps  human u s e ,  
a f f e c t  b i r d  d e n s i t i e s  n e g a t i v e l y .  I n  o r d e r  t o  b e t t e r  r e s o l v e  a l l  
s i g n i f i c a n t  c o r r e l a t i o n s  i n  t h e  d a t a ,  s t e p w i s e  m u l t i p l e  l i n e a r  
r e g r e s s i o n  a n a l y s e s  were c a l c u l a t e d  f o r  a l l  months. 

Stepwise  M u l t i p l e  L inear  Regress ion.  A s t e p w i s e  m u l t i p l e  l i n e a r  
r e g r e s s i o n  of wa te r  b i r d  d e n s i t i e s  w i t h  t h e  above t h r e e  independent  
v a r i a b l e s  revea led  c o r r e l a t i o n s  w i t h  s i g n i f i c a n t  (P<0.05) F  v a l u e s  f o r  
s i x  of t h e  12 months ( F i g .  7-2). Food r e s o u r c e  base  was involved i n  
each  of t h e  s i x  s i g n i f i c a n t  c o r r e l a t i o n s ,  human use  was involved i n  
f o u r ,  and bank m o d i f i c a t i o n  i n  t h r e e .  Food r e s o u r c e  b a s e  was r e l a t e d  
p o s i t i v e l y  t o  water  b i r d  d e n s i t i e s ,  b u t  bank m o d i f i c a t i o n  and human u s e  
i n f l u e n c e d  wate r  b i r d  d e n s i t i e s  n e g a t i v e l y .  The r e l a t i o n s h i p  between 
bank m o d i f i c a t i o n  and food r e s o u r c e  was no t  s i g n i f i c a n t  ( T a b l e  7-3). 

Responses of Water Bird Groups t o  H a b i t a t  V a r i a b l e s  

Response t o  Food-Resource Base. When ranked,  t h e  d e n s i t y  of b i r d s  i n  
e a c h  of t h e  s i x  wa te r  b i r d  groups was p o s i t i v e l y  c o r r e l a t e d  w i t h  food 
abundance i n  t h e  11 a r e a s  b i t  w i s  s i g n i f i c a n t  o n l y  f o r  t h e  group 
c o n t a i n i n g  c o o t s  and g a l l i n u l e s  ( T a b l e  7-4). Thus,  b i r d  u s e  was n o t  
s i g n i f i c a n t l y  r e l a t e d  t o  t h e  amount of a v a i l a b l e  food f o r  f i v e  of t h e  
s i x  major w a t e r  b i r d  groups .  The K-S t e s t s  i n d i c a t e d  t h a t  t h e  range of 
food-resource  d e n s i t y  used was narrower (P<0.01) t h a n  t h e  t o t a l  range 
a v a i l a b l e  (more n e g a t i v e  t h a n  p o s i t i v e  d e v i a t i o n s  from expec ted)  f o r  
e a c h  of t h e s e  f i v e  groups  ( T a b l e  7-4). Areas w i t h  a  l a r g e r  t h a n  average  
food  r e s o u r c e  base  had more water  b i r d s  t h a n  expected f o r  f o u r  of t h e  
groups .  S h o r e b i r d s  used a  g r e a t e r  range of a r e a s  w i t h  d i f f e r e n t  l e v e l s  
of food abundance (more +'s than  - ' s )  t h a n  any o t h e r  group (Tab le  7-4). 
G u l l s ,  l o o n s  and g rebes  had t h e  na r rowes t  food u s e  b read th .  They a l s o  
had r e l a t i v e l y  h i g h  d e n s i t i e s  i n  a r e a s  where t h e  food r e s o u r c e  base  was 
r e l a t i v e l y  low. These groups probably  used ,  a t  l e a s t  p a r t l y ,  a  
d i f f e r e n t  r e s o u r c e  base  t h a n  t h e  one measured; wa te r  b i r d s  w i t h i n  t h e s e  
g roups  consume f i s h  t o  va ry ing  degrees .  
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Table  7-4. Ana lys i s  of d e n s i t i e s  of a v i a n  groups  i n  r e l a t i o n  t o  d i f f e r e n c e s  i n  
t h e  food r e s o u r c e  base  i n  v a r i o u s  a r e a s  a l o n g  t h e  lower Colorado 
River .  

Number of 
D e n s i t i e s  of b i r d s  
> expec ted  when 

o b s e r v a t i o n s  food- abundance was : 
r >expected <expected KS I'D" ~ a x l  <average  >average  

S 

Diving ducks 0.477 3 5 0.204 0.116 1 2 

Puddle ducks 0.569 3 6 0.557 0.115 1 2 

Coots 0 . 7 2 0 ~  3 5 0.288 0.079 1 2 

S h o r e b i r d s  0.225 5 4 0.346 0.122 1 4 

Loons and 
g rebes  0.525 1 7 0.525 0.259 1 0 

G u l l s  0.427 1 8 0.522 0.199 1 0 

1 
When Kolmogorov-Smirnov "Dl' v a l u e  i s  g r e a t e r  t h a n  max, P(0.01. - 

'spearman-rank c o r r e l a t i o n  s i g n i f i c a n t  a t  P<O - .05. 
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Response t o  Bank-Channel M o d i f i c a t i o n s .  None of t h e  s i x  wa te r  b i r d  
groups  used a l l  p o r t i o n s  of t h e  channel  ( T a b l e  7-5). Use of 
channel-bank a r e a  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P<0.05) o n l y  f o r  
puddle  ducks (Tab le  7-5). The K-S t e s t s  r e v e a l e d  t h a t  t h e  h a b i t a t  used 
was s i g n i f i c a n t l y  narrower (P<0.01) t h a n  t h e  a v a i l a b l e  h a b i t a t  f o r  a l l  
w a t e r  b i r d  groups .  T h i s  was due t o  t h e  o c c u r r e n c e  of g r e a t e r  t h a n  
expected numbers of wa te r  b i r d s  i n  a r e a s  w i t h  below-average bank-channel 
m o d i f i c a t i o n s  ( T a b l e  7-5). Only l o o n s  and g r e b e s  had above-average 
p o p u l a t i o n s  i n  any a r e a  w i t h  g r e a t e r  t h a n  average  m o d i f i c a t i o n .  The 
r a n k s  f o r  food r e s o u r c e  base  were independent  of bank m o d i f i c a t i o n  ( r  
n e a r  0) .  I n  a r e a s  where t h e  bank was modi f i ed ,  wa te r  b i r d s  of s e v e r a l  
groups  showed reduced p o p u l a t i o n s ,  n o t  because  of t h e  absence of f o o d ,  
b u t  a p p a r e n t l y  because  of t h e  r i v e r b a n k  s t r u c t u r e .  It should be n o t e d ,  
however, t h a t  food r e s o u r c e s  were above average  o n l y  where bank 
m o d i f i c a t i o n s  were below average  ( T a b l e  7-6). T h i s  i n d i c a t e s  t h a t  even 
though channel  m o d i f i c a t i o n  was n e g a t i v e l y  a s s o c i a t e d  w i t h  t h e  food 
r e s o u r c e  base  t h e  r e l a t i o n s h i p  w i t h  wa te r  b i r d s  i s  n o t  s imple .  

Human Use. We cons idered  t h e  e x t e n t  of human use  a s  a n o t h e r  dimension 
of t h e  a v a i l a b l e  h a b i t a t  and found t h a t  d e n s i t i e s  of d i v i n g  ducks and - 
g u l l s  were p o s t i v e l y  r e l a t e d  t o  human u s e  b u t  s h o r e b i r d s  were n e g a t i v e l y  
a f f e c t e d  (Tab le  7-6). The K-S t e s t s  r e v e a l e d  t h a t  f o r  e v e r y  w a t e r  b i r d  
g roup ,  t h e  u t i l i z e d  h a b i t a t  was narrower t h a n  t h e  a v a i l a b l e  h a b i t a t .  
For puddle ducks ,  c o o t s ,  and s h o r e b i r d s ,  d e n s i t i e s  were lower t h a n  
expected i n  p l a c e s  where human use  was g r e a t e r  t h a n  average  ( T a b l e  7-6). 
Larger  t h a n  average numbers of d i v i n g  ducks ,  l o o n s ,  g r e b e s ,  and g u l l s  
were r e l a t e d  t o  human use  of an a r e a .  

Puddle ducks ,  c o o t s ,  and s h o r e b i r d s  a r e  a d v e r s e l y  a f f e c t e d  by b o t h  human 
u s e  of a n  a r e a  and bank m o d i f i c a t i o n .  Diving ducks and g u l l s  responded 
n e g a t i v e l y  t o  bank and channel  m o d i f i c a t i o n s  bu t  n o t  t o  human u s e ,  a t  
l e a s t  n o t  i f  food was abundant.  

Use of I s l a n d s .  The average  d e n s i t i e s  of w a t e r  b i r d s  which c h a r a c t e r i s -  
t i c a l l y  used i s l a n d s  ( T a b l e  7-7) were d i f f e r e n t  between each a r e a  
(P<0.05),  even though t h e  number of i s l a n d s  was n o t  d i f f e r e n t  (P>0.05) 
between census  a r e a s .  Mean numbers of wa te r  b i r d s  p e r  i s l a n d  in- 
channe l ized  and canyon-embanked r i v e r  were lower (P<0.01) - t h a n  mean 
numbers of wa te r  b i r d s  p e r  i s l a n d  i n  o t h e r  a r e a s .  It i s  n o t  c l e a r  
whether low numbers of wa te r  b i r d s  p e r  i s l a n d  i n  some a r e a s  were due t o  
g e n e r a l l y  low d e n s i t i e s  of wa te r  b i r d s  o r  t o  o t h e r  f a c t o r s .  Channelized 
and canyon-embanked r i v e r  a r e a s  g e n e r a l l y  had moderate t o  h i g h  human u s e  
and bank m o d i f i c a t i o n ,  and moderate t o  low food a v a i l a b i l i t y ,  which may 
e x p l a i n  t h e  low numbers of b i r d s .  For f u r t h e r  d i s c u s s i o n  on b i r d  use  of 
i s l a n d s  s e e  Anderson and Ohmart ( p .  92-93, 1977; 1982).  

CONCLUSIONS 

Areas having e x t e n s i v e  channel  and bank m o d i f i c a t i o n s  and /or  r e l a t i v e l y  
heavy human use supported fewer wa te r  b i r d s .  Food r e s o u r c e s  seemed t o  
be t h e  most impor tan t  v a r i a b l e  r e l a t e d  t o  wa te r  b i r d  d e n s i t i e s .  Areas 
below dams and r e s e r v o i r s  suppor ted t h e  l a r g e s t  d e n s i t i e s  of some w a t e r  
b i r d s .  Food was most abundant i n  t h e s e  a r e a s ,  b u t  t h e  a r e a s  a l s o  had 
t h e  h e a v i e s t  human use  and t h e  g r e a t e s t  amount of s t ream m o d i f i c a t i o n .  
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Table  7-5. Ana lys i s  of d e n s i t i e s  of a v i a n  groups  and food abundance i n  
r e l a t i o n  t o  d i f f e r e n c e s  i n  human use  of v a r i o u s  a r e a s  a long  
t h e  lower Colorado River .  

Number of Densi ty>expected 
o b s e r v a t i o n s  when human use  was: 

r s >expected <expec ted  K-S I'D" &lrl <ai;eragc > a - ~ e r a g e  

Diving 
ducks 0 . 5 7 9 ~  

Puddle 
ducks -0.285 

Coots -0.075 

Shore- 
b i r d s  - 0 . 7 0 6 ~  

Loons 
and 

g r e b e s  0.537 

G u l l s  0 . 6 1 6 ~  

Food 
r e s o u r c e  0.110 

'when Kolmogorov-Smirnov "D" v a l u e  i s  g r e a t e r  t h a n  max, P<O.01. - 

2~pearman- rank  c o r r e l a t i o n  s i g n i f i c a n t  a t  P<O - .05. 
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Table 7-6. Analysis of densities of avian groups, food abundance, and 
human use in relation to differences in the extent of bank 
and channel modification of various areas along the lower 
Colorado River. 

Density>expected 
Number of when bank-channel 

observations modification was: 
r >expected <expected K-S "D" Max 
S 

<average >average 

Diving 
ducks -0.263 

Puddle 
ducks -0.678 2 

Coots -0.534 

Shore- 
birds -0.904~ 

Loons 
and 
grebes 0.333 

Gulls 0.362 

Food 
resource -0.079 

Human 
use 0.628~ 

'when Kolmogorov-Smirnov I'D" values is greater than max , P(0.01. - 

'spearman-rank correlation significant at P<O - .05. 
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Table 7-7.  Mean number of birds characteristically using areas such as exposed 
sandbars, mudflat islands, and peninsulas, the observed densities 
( N / 4 0  ha) of such exposed areas, and the density of birds per 
exposed area for each transect. All numbers represent the mean for 
12 months over 3 winters. 

Transec t 

Average density 
( N / 4 0  ha) birds 
characteristic 
of exposed areas 24 122 17 3 22 12 446 2 1 5 8 148 

Average density 
( N / 4 0  ha) of 
exposed areas 3.2 3.7 3.4 2.6 2.3 11.0 3.5 3.7 3.5 

Birds/ exposed 
area 8 33 5 1 8 5 4 1 7 16 42 
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Undisturbed a reas  supported the  l a r g e s t  d e n s i t i e s  of most water b i r d s ,  
s i n c e  the re  were fewer people and l e s s  bank mod i f i ca t ion ,  a s  wel l  a s  
l a r g e r  q u a n t i t i e s  of food. 

MANAGEMENT IMPLICATIONS 

Species Richness and Overa l l  Dens i t i e s  

If high o v e r a l l  water b i r d  d e n s i t i e s  and d i v e r s i t i e s  a r e  t he  management 
o b j e c t i v e ,  i t  i s  important t o  have a  l a r g e  food resource  base. This  
inc ludes  a  v a r i e t y  of i n v e r t e b r a t e  t axa ,  a  l a r g e  i n v e r t e b r a t e  biomass, 
and a  l a r g e  aqua t i c  p l an t  s tanding crop. Since a l l  of t hese  v a r i a b l e s  
a r e  nega t ive ly  c o r r e l a t e d  wi th  stream a l t e r a t i o n s  and/or  increased  human 
use  (Table 7 - 3 ) ,  when such a l t e r a t i o n s  of t he  r i v e r  a r e  planned, 
m i t i g a t i o n  i n  t he  form of enhancement i n  o the r  a r e a s  should a l s o  be 
planned i f  spec ies  r ichness  and t o t a l  d e n s i t i e s  a r e  t o  be maintained. 
When a l t e r a t i o n s  of t he  r i v e r  a r e  unavoidable,  i t  i s  poss ib l e  t o  reduce 
t h e  o v e r a l l  impact by enhancing the  a l t e r e d  a r e a  f o r  those  water b i r d  
spec ies  which a r e  no t  nega t ive ly  a f f ec t ed .  

Diving Ducks 

This  group of ducks showed a  s i g n i f i c a n t  t o l e r ance  of human use and some 
d i s r ega rd  f o r  bank modi f ica t ion  i f  food supply was abundant. Thus t h i s  
group can be enhanced i n  a l t e r e d  a reas  i f  resources  such a s  aqua t i c  
p l a n t  s tanding  crop and i n v e r t e b r a t e  biomass can be increased.  

Loons and Grebes 

This group may r e q u i r e  r e l a t i v e l y  l a r g e  f i s h  populat ions and nonflowing 
water such a s  t h a t  occurr ing i n  r e se rvo i r s .  More research  on t h i s  group 
i s  necessary before  e x p l i c i t  management recommendations can be made. 

Gulls  

Gulls  used the  r e s e r v o i r s  and a r e a s  below dams. They seemed t o  be 
independent of t he  food resource base and showed to l e rance  of human 
encroachment. Although g u l l s  reached peak d e n s i t i e s  i n  h ighly  a l t e r e d  
s t r e t c h e s  of t he  r i v e r ,  they had below-average numbers i n  o the r  modified 
s t r e t c h e s .  More s tudy of t h i s  group i s  requi red  before  s p e c i f i c  
management proposals  can be made. 

Coots and Ga l l i nu le s  

Coot d e n s i t i e s  were reduced by bank-channel modi f ica t ions  and human 
encroachment. Coots reached maximum popula t ion  l e v e l s  where the  food 
resource base was l a rge .  Management f o r  t hese  b i r d s  would probably 
involve some combination of increas ing  p l a n t  s tanding  crop and 
decreasing human encroachment. Coots and g a l l i n u l e s  w i l l  t o l e r a t e  
humans i f  t he  d is turbance  i s  not  of c e r t a i n  t ypes ,  such a s  shoot ing,  
ex tens ive  boa t ing ,  e t c .  If re t i rement  developments, such a s  the Blue 
Water Marina, a r e  e s t a b l i s h e d ,  coo t s  and people can l i v e  compatibly. 
The human i n h a b i t a n t s  o f t en  de r ive  p leasure  from the  presence of the  
b i r d s .  
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Puddle Ducks 

Puddle ducks a r e  a p p a r e n t l y  unab le  t o  cope w i t h  bank-channel 
m o d i f i c a t i o n s  o r  human encroachment,  Nanagement shou ld  i n v o l v e  
i n c r e a s i n g  p l a n t  s t a n d i n g  c r o p  i n  u n a l t e r e d  a r e a s  w i t h  low human use .  
I f  d i s t u r b a n c e  is  minimal and food i s  abundant ,  i t  i s  p o s s i b l e  t o  have 
human developments a long  t h e  r i v e r  and s t i l l  have puddle  ducks a s  w e l l  
a s  c o o t s .  Again,  t h e  Blue Water Marina i s  a  c l a s s i c  example. The 
channe l  a d j a c e n t  t o  t h e  marina  has  been l i t t l e  a l t e r e d ,  t h e r e  a r e  ample 
sandbars  f o r  r e s t i n g ,  and food i s  a p p a r e n t l y  abundant .  

Shoreb i rds  

Shoreb i rds  a r e  a p p a r e n t l y  t h e  most i n t o l e r a n t  of r i v e r  a l t e r a t i o n s  and 
human encroachment. Judging from t h e  d a t a  we have c o l l e c t e d ,  management 
f o r  t h i s  group w i l l  i n v o l v e  t h e  c r e a t i o n  o r  maintenance of u n a l t e r e d  
a r e a s  w i t h  h i g h  i n v e r t e b r a t e  biomass and low human encroachment.  

A Comment on Reducing Human Use 

It i s  sometimes assumed t h a t  keeping human u s e  a t  minimal l e v e l s  i s  
synonymous w i t h  c r e a t i n g  w i l d l i f e  r e f u g e s .  Nothing could  be f a r t h e r  
from t h e  t r u t h .  Our s t u d y  a r e a  d e s i g n a t e d  RV 3 i s  open t o  h u n t i n g ,  
f i s h i n g ,  and boa t ing .  S i m i l a r l y ,  a r e a  RV 6 ,  t h e  o l d  r i v e r  c h a n n e l ,  
a l t h o u g h  on a  r e f u g e ,  i s  open t o  p u b l i c  use .  Yet t h e s e  a r e a s  had t h e  
g r e a t e s t  d e n s i t i e s  and d i v e r s i t i e s  of b i r d s .  Other  a r e a s ,  f o r  example 
t h e  s t r e t c h  of r i v e r  from t h e  b r i d g e  a t  P a r k e r  s o u t h  t o  Deer I s l a n d  
Lake,  should a t t r a c t  r e l a t i v e l y  l a r g e  w a t e r  b i r d  p o p u l a t i o n s ,  y e t  
numbers a r e  lower t h a n  expected (Ohmart and Anderson 1978) .  The 
d i f f e r e n c e  i s  t h a t  i n  t h e  RV 3 and RV 6 a r e a s ,  a c c e s s  i s  r e s t r i c t e d  t o  
r e l a t i v e l y  few a r e a s .  I n  c o n t r a s t ,  h a r d l y  any a r e a  of t h e  r i v e r  from 
Parker  t o  Deer I s l a n d  Lake,  on bo th  s i d e s  of t h e  r i v e r ,  i s  i n a c c e s s i b l e  
from t h e  road p a r a l l e l i n g  t h e  r i v e r .  E l i m i n a t i n g  o r  reduc ing  v e h i c u l a r  
t r a f f i c  a long  t h e  r i v e r  would a lmost  c e r t a i n l y  i n c r e a s e  w a t e r  b i r d  u s e  
a l o n g  t h i s  r e a c h  of t h e  r i v e r .  On t h e  o t h e r  hand, r educ ing  a c c e s s  does  
n o t  mean c l o s i n g  t h e  a r e a  a l t o g e t h e r ;  i t  merely  means t h a t  t h e  a r e a  w i l l  
be r e s t r i c t e d  t o  t h o s e  who most want t o  u s e  i t - -only  t h o s e  people  w i t h  
t h e  g r e a t e s t  i n t e r e s t  i n  h u n t i n g ,  f i s h i n g ,  o r  h i k i n g  w i l l  make t h e  
e f f o r t  n e c e s s a r y  t o  g a i n  a c c e s s .  With reduced d i s t u r b a n c e ,  w a t e r  b i r d  
use  w i l l  i n c r e a s e .  

MANAGEMENT RECOMMENDATIONS 

The j e t t i e s  a long t h e  r i v e r  s o u t h  of Parker  c r e a t e  p o t e n t i a l l y  good 
w a t e r  b i r d  h a b i t a t  a s  c a t - t a i l s  and o t h e r  a q u a t i c  v e g e t a t i o n  
develop.  When s t r e t c h e s  of t h e  r i v e r  must be a l t e r e d ,  c o n s t r u c t i o n  
of j e t t i e s  should  be inc luded  i n  t h e  p l a n s  a s  a  m i t i g a t i o n  f e a t u r e .  

Access t o  a r e a s  should be kep t  t o  a  minimum by r e s t r i c t i n g  
v e h i c u l a r  t r a f f i c  i n t o  t h e  a r e a s  d u r i n g  t h e  t i m e  of peak a v i a n  
p o p u l a t i o n s  (between November and March). 

For puddle ducks ,  many d i v i n g  ducks ,  c o o t s  and g a l l i n u l e s ,  pr imary 
p r o d u c t i v i t y  should be mainta ined a t  h i g h  l e v e l s .  T h i s  may mean 
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f e r t i l i z i n g  t h e  water t o  encourage t h e  growth of c a t - t a i l s  and 
submerged aqua t i c  vege t a t i on  such a s  Sago pondweed (Potamogeton 
p e c t i n a t u s ) .  

4. For shoreb i rds  and some d iv ing  ducks,  secondary p r o d u c t i v i t y  should 
be high. This  w i l l  occur n a t u r a l l y  a s  primary p r o d u c t i v i t y  
i nc reases .  

5. Many water b i r d s ,  inc lud ing  puddle ducks,  c o o t s ,  g a l l i n u l e s ,  
sho reb i rd s ,  and g u l l s ,  r e q u i r e  mud f l a t s  and sandbars  f o r  r e s t i n g  
and feeding.  To maximize water  b i r d  u se ,  an a r e a  of h igh  primary 
and secondary p r o d u c t i v i t y  must have exposed mud f l a t s  and 
sandbars .  

6 .  When a r e a s  a r e  developed f o r  human h a b i t a t i o n ,  use  by water  b i r d s  
w i l l  be discouraged u n l e s s  a c t i v i t i e s  such a s  shoot ing  and 
ex t ens ive  boa t ing  a r e  sha rp ly  c u r t a i l e d  i n  win te r .  I f  p r o d u c t i v i t y  
i s  high and mud f l a t s  and sandbars a r e  developed, t h e  a r e a  may be 
used ex t ens ive ly  by b i r d s .  
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CHAPTER 8  

BIOLOGY OF GAMBEL QUAIL ON THE LOWER COLORADO RIVER 
WITH MAGEMENT RECOMMENDATIONS 

INTRODUCTION 

The Gambel Qua i l  i s  an  abundant and s u c c e s s f u l  g a l l i n a c e o u s  s p e c i e s  i n  
most of t h e  a r i d  l a n d s  of t h e  sou thwes te rn  Uni ted S t a t e s  and 
n o r t h w e s t e r n  Mexico. T h i s  s p e c i e s  i s  cons idered  a n  impor tan t  game b i r d  
and i s  c u r r e n t l y  be ing  managed and hunted i n  a t  l e a s t  f i v e  s t a t e s .  
Because t h i s  q u a i l  i s  a  permanent r e s i d e n t  i n  h a r s h  d e s e r t  environments ,  
i t s  b io logy  is  of i n t e r e s t  t o  p h y s i o l o g i s t s  and e c o l o g i s t s ,  a s  w e l l  a s  
t o  game managers. 

Although s t a t e  game a g e n c i e s  have sponsored much r e s e a r c h  on Gambel 
Quai l  management, pub l i shed  l i t e r a t u r e  on i t s  b io logy  i s  meager. The 
more thorough s t u d i e s  have d e a l t  w i t h  wa te r  economy, food,  and h a b i t a t  
r equ i rements  of s o u t h e r n  Nevada p o p u l a t i o n s  ( G u l l i o n  1960, 1962, G u l l i o n  
and G u l l i o n  1964) and food h a b i t s  of s o u t h e r n  Arizona p o p u l a t i o n s  
(Hungerford 1962).  Reproduct ive  c y c l e s  were s t u d i e d  i n  d e t a i l  a long  t h e  
Rio Grande River  i n  New Mexico ( R a i t t  and Ohmart 1966) .  I n  a d d i t i o n ,  
p a r a l l e l  s t u d i e s  of t h e  c l o s e l y  r e l a t e d  Sca led  and C a l i f o r n i a  q u a i l  
o f f e r e d  d a t a  f o r  comparison. Based on p a s t  r e s e a r c h ,  Gambel Q u a i l  
appear  t o  t h r i v e  most s u c c e s s f u l l y  i n  r i p a r i a n  h a b i t a t s  w i t h  dense  
c o v e r ,  abundant food,  and h igh  humidi ty .  However, t h e r e  i s  a  l a c k  of 
long-term s t u d i e s  of food and h a b i t a t  r equ i rements  of t h e  Gambel Qua i l  
t h a t  examine s e a s o n a l  p a t t e r n s  and annua l  t r e n d s .  

The lower Colorado River  v a l l e y  from s o u t h e r n  Nevada t o  t h e  Colorado 
River  d e l t a  i n  Mexico h i s t o r i c a l l y  con ta ined  some of t h e  most e x t e n s i v e  
t r a c t s  of n a t i v e  r i p a r i a n  v e g e t a t i o n  i n  t h e  Southwest (Ohmart e t  a l .  
1977) .  Large-scale  a g r i c u l t u r a l  c l e a r i n g ,  i n u n d a t i o n  of a r e a s  by w a t e r  
s t o r a g e  r e s e r v o i r s ,  and i n v a s i o n  by e x o t i c  p l a n t  s p e c i e s  have s e v e r e l y  
reduced and degraded n a t i v e  r i p a r i a n  communities i n  t h e  v a l l e y .  
However, where t r a c t s  of n a t i v e  v e g e t a t i o n  remain,  s p e c i e s  such a s  
Gambel Qua i l  a r e  abundant and a r e  m a i n t a i n i n g  r e l a t i v e l y  s t a b l e  
p o p u l a t i o n s .  Current  l a n d  use  p a t t e r n s  i n  t h e  v a l l e y  p rov ide  an  
e x c e l l e n t  o p p o r t u n i t y  t o  s tudy  Gambel Q u a i l  i n  t h e i r  n a t u r a l  r i p a r i a n  
h a b i t a t s  and t o  e v a l u a t e  t h e i r  r esponse  t o  a l t e r e d  environments ,  which 
may become more w i d e s p r e a d . i n  t h e  f u t u r e .  

From 1973 t o  1978 a  l a r g e - s c a l e  e c o l o g i c a l  s t u d y  of t h e  lower Colorado 
River  v a l l e y  was under taken,  d e a l i n g  i n  p a r t  w i t h  t h e  b io logy  of t h e  
Gambel Qua i l .  Goals of t h i s  s tudy  s p e c i f i c a l l y  p e r t a i n i n g  t o  q u a i l  
were : 

1. To unders tand seasona l  and l o c a l  q u a i l  popu la t ion  f l u c t u a t i o n s  
i n  t h e  v a l l e y ;  

2. To i d e n t i f y  e s s e n t i a l  a s p e c t s  of p r e f e r r e d  q u a i l  h a b i t a t ;  



Vegetation Management - 287 

3. To determine timing and duration of breeding cycles; 

4. To assess dietary preferences and needs on a seasonal and 
annual basis; 

5. To compare Gambel Quail in the Colorado River valley with other 
populations previously studied; 

6. To discuss management implications as they pertain to habitat 
changes and population regulation. 

Some additional informatioh not repeated here can be found in earlier 
Vegetation Management annual reports (Anderson and Ohmart 1976, 1977). 

METHODS 

General Methods and Study Area 

In June 1973, a large-scale ecological study of the lower Colorado River 
valley was begun. Efforts were concentrated in the remaining 50,000 ha 
(125,000 a) of riparian vegetation along a 425 km (264 mi) stretch of 
the river from the Mexican boundary, north to Davis Dam in southern 
Nevada. Since Gambel Quail occurred in all parts of the study area, 
general methods of study can be applied specifically to the present 
report. These are described in detail by Anderson et al. (1977) and are 
only summarized here. 

Riparian vegetation was categorized as belonging to one of six 
vegetation types, based on either the numerically dominant tree or shrub 
species (i.e., honey mesquite, salt cedar, honey mesquitelsalt cedar, 
and arrowweed), or the ecologically dominant species (i.e., cottonwood- 
willow and screwbean mesquite; Table 8-1 in Anderson et al. 1977). The 
six vegetation types were further subdivided into as many as six 
structural types based on foliage density at various levels. Structural 
Type I was most dense overall; remaining types were progressively less 
dense at the upper levels (above 9 m t29.5 ft]). Vegetation-structural 
types are referred to as communities. A n  effort was made to sample each 
community in proportion to its total area in the valley. Over 100 study 
sites were established, each consisting of a line transect 0.8 or 1.6 km 
(0.5 or 1 mi) in length and sampling 20 or 40 ha (50 or 100 a), 
respectively. 

A series of vegetational measurements was made in a strip 15 m (49 ft) 
wide on either side of each transect line. These measurements included 
direct counts of all tree and shrub species, estimates of relative 
foliage density using the board technique (MacArthur and MacArthur 
1961), and the presence of mistletoe. In addition, phenology 
measurements, including mesquite pod production, were made throughout 
the year on representative transects in each community type. Each 
transect was segmented every 150 m (492 ft), with the resultant 150 x 15 
m (0.23 ha 10.6 a]) strips along each side of the transects referred to 
as plots. Vegetation measurements for each plot were kept distinct for 
later, fine-grained analysis. From the relative foliage density 
measurements for each study site, a foliage height diversity (FHD) value 
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was obtained using information theory (Shannon and Weaver 1949). 
Patchiness (horizontal foliage diversity) was determined as the variance 
in foliage measurements for various layers among the plots of a study 
site. This index of patchiness was calculated according to the 
equation: 

where V represents the foliage density in vertical layer i, of plot j; i 
j 

k is the number of layers; and n is the number of plots (see Anderson et 

al. 1978). 

The resulting framework of sampling was designed so that all vegetation 
and wildlife measurements could be analyzed on the level of the plot or 
the study site, or averaged for each specific plant community type or 
for all riparian vegetation. In addition, similar sampling was 
conducted in agricultural areas to provide comparative quail population 
data for these habitats. 

Quail Populations 

Gambel Quail and other resident bird species were censused along each 
transect using a variable strip census similar to that developed by 
Emlen (1971). Quail were censused by recording all detections in 
parallel strips at various lateral distances from the transect, to 120 m 
(394 ft). After each census a lateral strip was selected in which the 
maximum number of detections had occurred and beyond which the number of 
detections decreased. The method assumes that all quail within that 
lateral distance were detected; the number of detections was then 
extrapolated to number of quail per 40 ha. This method provides a 
built-in coefficient of detectability that allows for the great 
variation in detectability of species such as quail and is nearly 
identical to Emlen's own modification for cue attenuation (Emlen 1977). 

Each transect was censused 2-4 times per month, from December 1974 
through December 1978. Density estimates from ali censuses on each 
transect were averaged each month and season. Five seasons were 
defined: winter (December-February), spring (March-April), summer 
(May-July), late summer (August-September), and fall (October-November). 

In analyses, quail populations were examined on the level of study site, 
community type, and total riparian vegetation for each month, season, or 
year. 
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Habi ta t  Analysis  

As p a r t  of t he  r egu la r  census,  q u a i l  d e t e c t i o n s  were recorded i n  the  
s p e c i f i c  p l o t s  (0.23 ha u n i t s  along each t r a n s e c t )  i n  which they 
occurred. This information was then used t o  determine a  p re fe r r ed  
vege ta t ion  p r o f i l e .  

The r e l a t i v e  d e n s i t y  of q u a i l  among the  va r ious  community types g ives  
t he  most genera l  view of h a b i t a t  preference f o r  t h i s  spec ies .  The 
e x t e n t  t o  which b i r d s  a r e  evenly d i s t r i b u t e d ,  o r  t he  ex t en t  t o  which 
they a r e  h a b i t a t  s p e c i f i c ,  i s  defined a s  h a b i t a t  b readth  and i s  
ca l cu la t ed  using information theory (HB = - T: pi loglopi,  where pi i s  
t h e  propor t ion  of t h e  t o t a l  populat ion w i t h i n  vegetation type i ) .  This  
i s  o f t e n  expressed a s  a  percent  of maximum (J  = loglO of the  t o t a l  
number of vege ta t ion  types ) ,  which y i e l d s  a  r e l a t i v e  va lue  t h a t  can be 
compared between months or  seasons. 

Analy t ica l  Technique 

Six teen  vege ta t ion  v a r i a b l e s  were used t o  desc r ibe  t h e  22 types of 
r i p a r i a n  vegeta t ion .  Some of t h e s e  v a r i a b l e s  were i n t e r c o r r e l a t e d ,  so a  
p r i n c i p a l  components a n a l y s i s  (PCA) was performed t o  reduce t h e  
v a r i a b l e s  t o  a  s e t  of t r u l y  independent t r e n d s  i n  t h e  d a t a  ( t h e  
p r i n c i p a l  components). These p r i n c i p a l  components were then t r e a t e d  a s  
a  new s e t  of v a r i a b l e s .  P r i n c i p a l  components (PC's) were those wi th  
eigenvalues >l .  The f i r s t  PC accounts  f o r  more of t he  var iance  i n  t he  
d a t a  than s u ~ c e s s i v e  ones,  which i n  t u r n  account f o r  success ive ly  l e s s  
of t he  var iance .  Each type of vege ta t ion  r ece ives  a  f a c t o r  score  which 
ranks i t  along t h e  PC axes.  

Several  t r a n s e c t s  were l o s t  o r  added during t h e  f i r s t  year .  Fewer and 
mostly minor changes were made t h e r e a f t e r .  I n  o rde r  t o  base our 
conclusions concerning h a b i t a t  preference on t h e  b e s t  poss ib l e  d a t a  s e t ,  
we decided t o  inc lude  only the  l a s t  four  yea r s  of da t a .  

Monthly q u a i l  dens i ty  d a t a  from each community were a l s o  analyzed with 
PCA. This procedure grouped months i n  which q u a i l  were s i m i l a r l y  
d i s t r i b u t e d  throughout the  types of r i p a r i a n  vegeta t ion .  Ins tead  of 
analyzing quai l -vegetat ion r e l a t i o n s h i p s  f o r  each month, t h i s  procedure 
allowed us t o  analyze a  smaller  d a t a  s e t  and a r r i v e  a t  conclusions about 
q u a i l  h a b i t a t  p references  f o r  a l l  months when q u a i l  were s i m i l a r l y  
d i s t r i b u t e d .  

Following the  PCA's, s tepwise mul t ip l e  r eg re s s ion  ana lyses  were employed 
t o  determine the  amount of va r i ance  i n  q u a i l  density d a t a  t h a t  could be 
explained by s i g n i f i c a n t ,  sys temat ic  a s s o c i a t i o n s  with vegeta t ion .  
Independent v a r i a b l e s  were the  vege ta t ion  p r i n c i p a l  components (VPC's) 
and dependent v a r i a b l e s  were the  q u a i l  PC's. The f i r s t  VPC se l ec t ed  f o r  
t h e  a n a l y s i s  was the  one t h a t  co r r e l a t ed  h ighes t  wi th  the  dependent 
v a r i a b l e  being considered. The second VPC entered  co r r e l a t ed  h ighes t  
wi th  the  r e s i d u a l  var iance  remaining a f t e r  tak ing  out  the  var iance  
explained by the  f i r s t  VPC. The process  continued u n t i l  the next  
v a r i a b l e  added i n  t he  stepwise procedure f a i l e d  t o  exp la in  a t  l e a s t  5% 
of the  var iance ,  o r  when the  fou r th  s t e p  had been included. 
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There  i s  no reason  t o  assume t h a t  q u a i l  h a b i t a t  p r e f e r e n c e s  w i l l  always 
be r e p r e s e n t e d  by l i n e a r  r e l a t i o n s h i p s .  A v a r i e t y  of n o n l i n e a r  
r e l a t i o n s h i p s  can be t e s t e d  by r a i s i n g  t h e  independent  v a r i a b l e s  t o  t h e  
second,  t h i r d ,  and f o u r t h  powers ( F i g .  8-1). Although o t h e r  n o n l i n e a r  
r e l a t i o n s h i p s  may o c c u r ,  t h o s e  we inc luded  i n  t h e  a n a l y s i s  al lowed u s  t o  
d e t e c t  most q u a i l - v e g e t a t i o n  r e l a t i o n s h i p s .  

On a f i n e r  s c a l e ,  t h e  q u a i l  d e t e c t i o n s  i n  each p l o t  were r e l a t e d  t o  
v e g e t a t i o n  i n  t h a t  p l o t  i n  o r d e r  t o  d e s c r i b e  a p r e f e r r e d  v e g e t a t i o n  
p r o f i l e .  Th i s  was examined on a s e a s o n a l  b a s i s  by n o t i n g  any temporal  
changes i n  v e g e t a t i o n  p r e f e r e n c e .  T h i s  c o r r e l a t i v e  approach does  n o t  
y i e l d  d i r e c t  i n f o r m a t i o n  about  causes  of q u a i l  r e s p o n s e s  t o  v e g e t a t i o n ;  
however, when performed w i t h  l a r g e  enough samples over  s e v e r a i  y e a r s  and 
supplemented w i t h  o b s e r v a t i o n s  on behav ior  and d i e t ,  t h i s  method was 
u s e f u l  i n  de te rmin ing  h a b i t a t  c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  v a r i a t i o n  
i n  q u a i l  d e n s i t y  a t  d i f f e r e n t  l o c a l i t i e s  i n  t h e  lower Colorado River  
v a l l e y .  

Reproduct ive  Cycles  

During t h e  b reed ing  s e a s o n ,  male  Gambel Quai l  produce a loud and 
i n c e s s a n t  "cow" c a l l ,  o f t e n  from an  exposed perch.  T h i s  p r o v i d e s  a 
conven ien t  measure of t h e  d u r a t i o n  and i n t e n s i t y  of b r e e d i n g  a c t i v i t y  
and has  been used by game managers a s  a n  index  of r e p r o d u c t i v e  s u c c e s s  
and subsequent  h u n t e r  s u c c e s s  (Smith  and G a l l i z i o l i  1965) .  During 
r e g u l a r  census ing  i n  t h e  p r e s e n t  s t u d y ,  t h e  number of "cow" c a l l s  was 
recorded a long each t r a n s e c t .  

I n  a d d i t i o n  t o  t h i s  i n d i r e c t  measure,  q u a i l  were c o l l e c t e d  and t h e i r  
gonads examined throughout  t h e  s tudy  per iod .  An a t t e m p t  was made t o  
c o l l e c t  a random monthly sample from a l l  community t y p e s .  B i r d s  were 
processed a s  soon a s  p o s s i b l e  a f t e r  c o l l e c t i o n ;  gonads and o t h e r  o rgans  
were s t o r e d  i n  a mix ture  of e t h y l a l c o h o l ,  f o r m a l i n ,  and g l a c i a l  a c e t i c  
a c i d  (AFA) f o r  l a t e r  examination.  Methods of examina t ion  were s i m i l a r  
t o  t h o s e  of p rev ious  s t u d i e s  (Lewin 1963, R a i t t  and Ohmart 1966) i n  
o r d e r  t o  f a c i l i t a t e  comparisons.  

For a l l  ma les ,  l e n g t h  and l a r g e s t  d iamete r  of t h e  l e f t  t e s t i s  was 
measured wi th  a d i a l  c a l i p e r .  The t e s t i s  was t h e n  weighed. S e v e r a l  
t r a n s v e r s e  s e c t i o n s  from each  t e s t i s  were p repared  a s  s l i d e s  from which 
h i s t o l o g i c a l  changes i n  t h e  c y c l e  of spermatogenes i s  were no ted  (Lewin 
1963: 252-255). For f e m a l e s ,  b o t h  t h e  ovary and o v i d u c t  were measured 
and weighed. 

As a f i n a l  measure of r e p r o d u c t i v e  a c t i v i t y ,  a l l  q u a i l  broods were noted 
wherever they  were encountered i n  t h e  Colorado River  v a l l e y .  Number i n  
t h e  brood and approximate  age  ( l e s s  t h a n  one-quar ter  grown, h a l f  t o  
t h r e e - f o u r t h s  grown, more t h a n  t h r e e - f o u r t h s  grown) of t h e  young q u a i l  
were recorded.  

D i e t  

Crops from a l l  q u a i l  c o l l e c t e d  were s t o r e d  i n  AFA and l a t e r  analyzed.  
Before  examina t ion ,  t h e  c o n t e n t s  of each c rop  were f l u s h e d  w i t h  t a p  
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w a t e r  and t h e n  d r i e d .  Samples were s o r t e d  and a l l  p l a n t  and animal 
p a r t s  i d e n t i f i e d .  Each i t e m  was weighed on a  M e t t l e r  H6T a n a l y t i c a l  
ba lance .  Volume measurements were ob ta ined  by w a t e r  d i sp lacement  a f t e r  
food i tems had been resoaked f o r  f o u r  days.  From t h e  combined c r o p  
c o n t e n t s  f o r  each month, a  d i e t  d i v e r s i t y  index  was c a l c u l a t e d  i n  t h e  
same manner a s  f o r  h a b i t a t  b r e a d t h  ( s e e  H a b i t a t  A n a l y s i s ) .  O v e r a l l  d i e t  
d i v e r s i t y  was c a l c u l a t e d  from t h e  combined c o n t e n t s  of a l l  c rops .  

RESULTS 

Tables  8-1 and 8-2 l i s t  t h e  monthly p r e c i p i t a t i o n  and t empera tu res  i n  
t h e  lower Colorado River  v a l l e y  f o r  t h e  y e a r s  immediately p reced ing  and 
d u r i n g  t h e  s tudy  per iod .  P r e c i p i t a t i o n  was e r r a t i c ,  w i t h  August 1973 
and September 1976 showing r e l a t i v e l y  l a r g e  amounts of p r e c i p i t a t i o n .  
P roduc t ion  of annua l  g r a s s e s  and f o r b s ,  p a r t i c u l a r l y  i n  w i n t e r  and e a r l y  
s p r i n g ,  was s i g n i f i c a n t l y  a f f e c t e d  by m o i s t u r e .  I n  g e n e r a l ,  1973 and 
1976 were w e t t e r  t h a n  a v e r a g e ,  1975 and 1977 were d r i e r  t h a n  a v e r a g e ,  
and 1974 was a  normal y e a r  f o r  p r e c i p i t a t i o n .  

Although summer t empera tu res  were r e l a t i v e l y  c o n s i s t e n t ,  w i n t e r  
t empera tu res  showed g r e a t  d a i l y  and annua l  d i f f e r e n c e s .  The w i n t e r  of 
1974-75 was cons idered  an u n u s u a l l y  c o l d  w i n t e r ,  t h e  w i n t e r  of 1975-76 
was average ,  and subsequent  w i n t e r s  were warmer t h a n  t h e  30-year 
average.  

P o p u l a t i o n s  

Average monthly q u a i l  d e n s i t i e s  f o r  a l l  r i p a r i a n  communities combined 
a r e  shown i n  F igure  8-2. The p e r c e n t  of d e c r e a s e  from t h e  p o p u l a t i o n  
peak i s  shown a s  an  e s t i m a t e  of m o r t a l i t y ;  t h i s  i n c l u d e s  b o t h  a c t u a l  
m o r t a l i t y  and d i s p e r s a l  o u t  of r i p a r i a n  v e g e t a t i o n .  I n  most y e a r s ,  t h e  
p o p u l a t i o n  was lowest  i n  February and then  s t e a d i l y  i n c r e a s e d  u n t i l  a 
peak was reached e i t h e r  i n  August o r  September. Qua i l  numbers u s u a l l y  
decreased  54% by November and 71% by December, c o i n c i d i n g  w i t h  peak 
hun t ing  a c t i v i t y  i n  t h e  lower Colorado River  v a l l e y .  An a d d i t i o n a l  19% 
m o r t a l i t y  occurred dur ing  t h e  w i n t e r  months; approx imate ly  10% of t h e  
p r e v i o u s  y e a r ' s  summer p o p u l a t i o n  surv ived  t o  breed t h e  f o l l o w i n g  March. 
Lower popula t ions  i n  w i n t e r  could  r e f l e c t  reduced d e t e c t a b i l i t y  i n  
w i n t e r .  However, t h i s  e f f e c t  i s  probably  v e r y  smal l .  Emlen-census 
t echn ique  a u t o m a t i c a l l y  a d j u s t s  f o r  reduced d e t e c t a b i l i t y  a s  long  a s  a l l  
b i r d s  w i t h i n  50' f t  of t h e  o b s e r v e r  a r e  being d e t e c t e d  ( s e e  Chapter  2 ,  
F i g s .  2-14). 

H a b i t a t  P r e f e r e n c e  

F igure  8-3 shows t h e  d i s t r i b u t i o n  of q u a i l  among t h e  s i x  r i p a r i a n  
communities and t h e  mean h a b i t a t  b r e a d t h  d u r i n g  t h e  four-year  s t u d y  
per iod .  Quai l  d e n s i t i e s  (n /40  h a )  i n  a l l  seasons  were u s u a l l y  h i g h e s t  
i n  honey mesqui te  h a b i t a t s  and much lower i n  cottonwood and s a l t  c e d a r  
h a b i t a t s .  Quai l  were f a i r l y  w e l l  d i s t r i b u t e d  ( l a r g e s t  h a b i t a t  b r e a d t h )  
i n  summer, i n d i c a t i n g  bo th  a  d i s p e r s a l  of some b i r d s  o u t  of honey 
mesqui te  h a b i t a t s  a f t e r  b reed ing  and a l a t e r  r e p r o d u c t i v e  e f f o r t  i n  
o t h e r  h a b i t a t s .  By l a t e  summer, peak d e n s i t i e s  of q u a i l  s h i f t e d  t o  
screwbean mesqui te  h a b i t a t s ,  p a r a l l e l i n g  pod p roduc t ion  i n  t h o s e  
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Table  8-1. R a i n f a l l  i n  t h e  lower Colorado River  v a l l e y .  

P r e c i p i t a t i o n  (cm) 

Twenty-year 
Month 1973 1974 1975 1976 1977 1978 average  

January  

February 

March 

A p r i l  

May 

June 

J u l y  

August 

September 

October 

November 

December 

TOTAL 
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Figure 8-3. Average seasonal densities (N/40 ha) in six plant communities and habitat breadth for 
Gambel Quail for 1975-1978. Plant communities were: SM = screwbean mesquite, SC/HM = 

salt cedar-honey mesquite, HM = honey mesquite, AW = arrowweed, SC = salt cedar, CW = 

cottonwood-willow. DF = December, January, February; MA = March, April; MJ = May, June, 
July; AS = August, September; ON = October, November. 
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h a b i t a t s ,  but  d e n s i t i e s  of q u a i l  s t i l l  remained very  high i n  honey 
mesquite h a b i t a t s .  Although d e n s i t i e s  of q u a i l  i n  autumn were v a r i a b l e  
from year t o  yea r ,  occas iona l ly  higher  than average q u a i l  d e n s i t i e s  
p e r s i s t e d  i n  screwbean mesquite h a b i t a t s .  

Rela t ionships  t o  Vegetat ion 

Four vege ta t ion  p r i n c i p a l  components (VPC's) accounted f o r  a  t o t a l  of 
69% of t he  var iance  i n  t h e  four  yea r s  of pooled vege ta t ion  da t a .  
Variance explained f o r  s i n g l e  v a r i a b l e s  (comrnunality) ranged from 54% 
f o r  the  number of screwbean mesquite t r e e s  t o  88.9% f o r  pa tch iness  >4.5 
m 0 1 5  f t )  (Table 8-3). 

The f i r s t  VPC accounted f o r  35% of t he  t o t a l  var iance .  It r ep resen t s  a  
continuum from low f o l i a g e  dens i ty  and d i v e r s i t y  t o  high f o l i a g e  dens i ty  
and d i v e r s i t y .  The second VPC, accounting f o r  21% of t he  t o t a l  
va r i ance ,  was a  t rend  from many honey mesquite t r e e s ,  many shrubs ,  and 
few s a l t  cedar t r e e s  to  a r e a s  where honey mesquite t r e e s  and shrubs were 
absent  and s a l t  cedar t r e e s  were numerical ly  dominant. The t h i r d  VPC 
accounted f o r  13% of the var iance  and was an a x i s  from high  f o l i a g e  
dens i ty  and pa tch iness  a t  0  t o  0.6 m (0  t o  2 f t )  t o  l i t t l e  o r  no low 
l e v e l  fo l i age .  The f o u r t h  and f i n a l  VPC accounted f o r  7% of t he  
var iance  and represented an a x i s  wi th  many screwbean mesquite t r e e s  and 
few cottonwood and willow t r e e s  a t  one end and many cottonwood and 
willow t r e e s  and few screwbean mesquite t r e e s  a t  t h e  o t h e r  end. Each 
vege ta t ion  type was pos i t ioned  on t h e  continuum represented  by each VPC 
and received a  f a c t o r  s co re  based on i t s  p o s i t i o n  on each a x i s .  Fac tor  
scores  f o r  each type of vege ta t ion  each year appear  i n  Appendix 5-1. 

A second PCA was executed using t h e  community types  ac ros s  yea r s  a s  
ca ses  and q u a i l  dens i ty  per  month a s  v a r i a b l e s .  The o b j e c t i v e  was t o  
d e t e c t  populat ion t rends  wi th in  a  y e a r ,  and/or  a  per iod  which spanned 
more than one year.  There were th ree  major t r ends  i n  the  monthly q u a i l  
dens i ty  d a t a  t h a t  c o l l e c t i v e l y  accounted f o r  69.4% of the var iance  i n  
t he  da t a .  The f i r s t  of t hese  accounted f o r  n e a r l y  h a l f  of t h e  var iance  
(49.4%) and included summer and l a t e  summer d e n s i t i e s ,  which a r e  t h e  
months of r e l a t i v e l y  l a r g e  q u a i l  populat ions when broods a r e  ev ident  
(Table 8-4). Fac tor  s co res  on t h i s  component averaged lowest i n  1976 
and 1977 and h ighes t  i n  t he  f i n a l  two yea r s  (Fig.  8-4). This  means t h a t  
q u a i l  populat ions were higher  t he  l a s t  two years .  Had q u a i l  populat ions 
been the  same during a l l  y e a r s ,  t he  f a c t o r  s co res  f o r  each year  would 
have been about zero. 

The second PC included f a l l  d e n s i t i e s  of q u a i l  (October ,  November and 
December) and accounted f o r  11.3% of t h e  var iance  (F ig .  8-5). A f i n a l  
component accounted f o r  an a d d i t i o n a l  8.5% of t he  var iance  i n  the 
populat ion d a t a  and included winter  and spr ing  d e n s i t i e s ,  when the  
populat ion was lowest (Fig.  8-6). Although t h e r e  a r e  o the r  ways t h a t  
q u a i l  could conceivably r e a c t  to  t h e  vege ta t ion ,  i t  was f e l t  t h a t  t h e s e  
e i g h t  pa t t e rns  would al low us t o  d e t e c t  t he  l i n e a r  and most of the  
nonl inear  r e l a t i o n s h i p s  between q u a i l  and the  vege ta t ion .  

Habi ta t  types prefer red  by q u a i l  a r e  i nd ica t ed  i n  ~ i g u r e s  8:4-6 by 
p o s i t i v e  scores ;  those  h a b i t a t s  t h a t  supported low numbers of q u a i l  had 
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Table 8-3. Principal components (eigenvalues >1.0) from an analysis of 
four years of vegetation data from22 types of riparian 
vegetation in the lower Colorado River valley. 

Factors loading on * 
principal components 

Patchiness 

0.2-0.6 m 0.146 
1.5-3.0 m 0.701 
>4.5 m 0.918 
Total 0.887 

Foliage density 

1.2-3.0 m 0.891 
>4.5 m 0.837 
Total 0.879 

FHD 

Honey 
mesquite/ha 

Honey mesquite 
with 
mistletoe 

Salt cedar/ha 

Proportion of 
salt cedar 

Screwbean 
mesquitelha 

Cottonwood- 
willow/ha 

Percent 
variance 
explained 

* 
Underlined factor loadings indicate significant contribution to the 
principal component. 
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Tab le  8-4.  P r i n c i p a l  components ( e i g e n v a l u e s  >1.0) from a n  a n a l y s i s  of 
f o u r  y e a r s  of monthly Gambel ~ u a i l - p o p u l a t i o n  d a t a  from 22 
t y p e s  of r i p a r i a n  v e g e t a t i o n  i n  t h e  lower Colorado R i v e r  
v a l l e y .  High f a c t o r  l o a d i n g s  on a  p a r t i c u l a r  p r i n c i p a l  
component ( u n d e r l i n e d )  i n d i c a t e  months when q u a i l  were 
d i s t r i b u t e d  s i m i l a r l y  among t h e  22 t y p e s  of v e g e t a t i o n .  

F a c t o r  l o a d i n g s  on 
p r i n c i p a l  components 

Month I I1 111 Communal i t y  

January  

February 

March 

A p r i l  

%Y 

June  

J u l y  

August 

September 

October 

November 

December 

P e r c e n t  
v a r i a n c e  
exp la ined  49.6 11.3 8.5 
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F i g u r e  8-4. F a c t o r  s c o r e s  of p l a n t  community t y p e s  on t h e  f i r s t  
q u a i l  p r i n c i p a l  component, r e p r e s e n t i n g  t h e  d i s t r i -  
b u t i o n  of q u a i l  i n  t h e  community t y p e s  d u r i n g  summer 
f o r  each of f o u r  y e a r s .  
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Figure 8-4. (Continued) 
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Figure 8-5. Factor scores of plant community types on the second 
quail principal component, representing quail distri- 
bution in the communities during the fall for each of 
four years. 
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Figure  8-5. (Continued) 
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F i g u r e  8-6. F a c t o r  s c o r e s  of  p l a n t  community t y p e s  on t h e  t h i r d  
q u a i l  p r i n c i p a l  component, r e p r e s e n t i n g  q u a i l  d i s t r i -  
b u t i o n  i n  t h e  communities i n  w i n t e r  and s p r i n g  f o r  
each  o f  ' f o u r  y e a r s .  
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Figure 8-6. (Continued) 
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negative scores. Cottonwood-willow I and I1 always supported low 
numbers, while vegetation structural types V and VI, in general, 
supported higher densities. It is apparent that preferred vegetation 
varies from season to season and even from year to year (Figs. 8:4-6). 
In order to systematically quantify these relationships, we performed a 
series of stepwise multiple linear regression analyses. 

Overall, a greater proportion of the variation in quail numbers (64%) 
was explained in summer than in fall (49%) or winter-spring (47%) by 
relationships with vegetation (Table 8-5). In summer, winter, and 
spring, the quail-vegetation relationships were primarily nonlinear, 
whereas in fall, relationships were predominantly linear. 

The third VPC, representing foliage patchiness and density at 0.0-0.6 m, 
generally showed a positive relationship with quail densities in summer. 
The number of screwbean mesquite trees also had a positive relationship. 
VPCl (total foliage density and diversity) always had a negative 
relationship, indicating that quail tended to avoid areas with dense 
foliage in the upper levels (cottonwood-willow and some salt cedar 
communities) . 
Densities of honey mesquite and screwbean mesquite trees were important 
in explaining quail distribution in fall. VPC3 had minor negative 
contributions, indicating that vegetation preferred by quail in summer 
tended to be avoided in fall. 

In winter and spring, areas with honey mesquite trees and shrubs (VPC2) 
were preferred by quail. As in summer, areas with high foliage density 
and diversity (VPCl) were avoided. 

Figure 8-7 shows preferred vegetation profiles for four community types, 
constructed from the specific 0.8 ha (2 a) plots in which quail 
occurred. Quail were always associated with dense vegetation in the 
lower layers (<5 m [16 ftl) and with relatively sparse vegetation in the 
upper canopy (>8 m 0 2 6  ft]). This profile was nearly identical to the 
average vertical distribution of vegetation within the two mesquite 
communities, indicating that the birds were not selecting specific 
portions of those communities. However, in cottonwood-willow and salt 
cedar habitats, where only occasional openings in the canopy permit 
growth of a dense understory layer, the preferred profiles for quail 
differed significantly (P<0.05) from the average profiles for those 
communities. Quail avoixed areas with tall, dense vegetation. The 
degree to which birds must select or avoid portions of a plant community 
may account, in part, for their density in that community. It should be 
noted that plots with dense vegetation increase the patchiness of a 
stand if not all the plots within the stand are dense. Thus quail may 
respond simultaneously to both dense and patchy vegetation in the ground 
layer. 

In Figure 8-8, populations in honey mesquite are compared with those in 
agricultural edge habitats. Agricultural edge is riparian vegetation 
that is bordered on one side by agricultural fields. It is clear that 
the agricultural edge tends to concentrate quail; densities of quail 
were always higher in edge areas than in any other riparian vegetation. 
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Table 8-5.  Proport ion of var iance  explained by nonl inear  and l i n e a r  
s t e p s  i n  s i g n i f i c a n t  m u l t i p l e  l i n e a r  r eg re s s ions  a t  va r ious  
seasons f o r  four  years .  The independent v a r i a b l e s  were 
f a c t o r  scores  f o r  each of four  p r i n c i p a l  components from an 
a n a l y s i s  of 16 of 22 r i p a r i a n  vege ta t ion  types along t h e  
lower Colorado River.  The dependent v a r i a b l e s  were f a c t o r  
s co res  represent ing  Gambel Quail  d e n s i t i e s  a t  var ious  
seasons. 

Percent  va r i ance  explained 

Season Nonlinear Linear  Tota l  

Win te r -spr ing  

Summer 

Fa1 1 

Mean 

SD 
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Mesquite 

I I I I I I 1 1 I 
' MA MJ AS ON D F M A  MJ AS ON 

197 7 1978 

F i g u r e  8-8. D e n s i t y  ( N / 4 0  ha)  of Gambel Q u a i l  i n  honey mesqu i t e  and 
a g r i c u l t u r a l - r i p a r i a n  edge h a b i t a t s  i n  t h e  lower Colorado 
River  v a l l e y .  Seasons  a r e  d e f i n e d  i n  t h e  t e x t .  
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This  i s  due,  i n  p a r t ,  t o  t h e  dense s a l t  bush t y p i c a l l y  p r e s e n t  a long  t h e  
a g r i c u l t u r a l  b o r d e r ,  b u t  i t  i s  a l s o  a  f u n c t i o n  of t h e  abundant food 
supply provided by t h e  c u l t i v a t e d  c r o p s  ( s e e  d i e t  s e c t i o n ) .  I n  
a g r i c u l t u r a l  land away from r i p a r i a n  v e g e t a t i o n ,  q u a i l  d e n s i t i e s  were 
low, never  exceeding 2  b i r d s 1 4 0  ha i n  any season.  Qua i l  were n o t  found 
f a r t h e r  than  0.4 km (0.2 mi) from t h e  r i p a r i a n - a g r i c u l t u r a l  edge (Conine 
e t  al .  1978).  

I n  summary, q u a i l  showed a  p r e f e r e n c e  f o r  mesqui te  communities,  and 
d e n s i t i e s  were lowes t  i n  cottonwood and pure  s a l t  c e d a r  s t a n d s .  Qua i l  
d e n s i t y  was c o r r e l a t e d  w i t h  t h e  number of mesqu i te  t r e e s ,  s a l t  bush,  
and /or  p a t c h i n e s s  of ground v e g e t a t i o n  i n  a l l  seasons  e x c e p t  summer. 
Numbers were enhanced by t h e  presence of a n  a g r i c u l t u r a l  b o r d e r ,  b u t  
a g r i c u l t u r a l  l a n d  a l o n e  suppor ted  few q u a i l .  

Reproduct ive  Cycle 

"Cow" c a l l s  of male Gambel Qua i l  were heard f o r  a  six-month per iod  each 
y e a r  between February and August. C a l l i n g  peaked i n  May and June  and 
was g r e a t e s t  i n  honey mesqu i te  h a b i t a t s .  Due t o  v a r i a t i o n  i n  r e c o r d i n g  
e f f o r t ,  comparisons of t o t a l  numbers of "cow" c a l l s  from y e a r  t o  y e a r  
a r e  n o t  p o s s i b l e .  

Quai l  broods were d e t e c t e d  from mid-May through August; young l e s s  t h a n  
one-quarter  grown were s e e n  throughout  t h a t  p e r i o d .  A f t e r  August ,  o l d e r  
broods coa lesced  t o  form l a r g e  coveys t h a t  p e r s i s t e d  through t h e  f a l l .  
Based on a l l  f i e l d  o b s e r v a t i o n s ,  t h e  e x t e n t  of t h e  b reed ing  season  was 
a t  l e a s t  s i x  months,  from February through August. 

During t h e  s t u d y  p e r i o d ,  401 male and 314 female  q u a i l  were c o l l e c t e d  
and examined. Annual t e s t i s  c y c l e s  ( F i g s .  8-9 and 8-10) r e v e a l e d  t h a t  
t h e  f i r s t  h i s t o l o g i c a l  changes occurred by e a r l y  February,  w i t h  an 
i n c r e a s e  i n  t e s t i c u l a r  weight by mid-February. F u l l  sperm produc t ion  
(S tage  5)  l a s t e d  a  t o t a l  of 18 t o  19 weeks, beg inn ing  a s  e a r l y  a s  15 
March and c o n t i n u i n g  a s  l a t e  a s  7 August. The l o n g e s t  p e r i o d  of f u l l  
sperm produc t ion  i n  any s i n g l e  year  was 16.5 weeks i n  1976. No 
d i f f e r e n c e s  i n  t e s t i s  recrudescence o r  r e g r e s s i o n  among y e a r s  were 
observed,  so t h e  d a t a  were pooled t o  r e p r e s e n t  t h e  g e n e r a l  c y c l e  
observed dur ing  t h e  s tudy .  

Annual c y c l e s  of ovary and ov iduc t  we igh t s  a r e  shown i n  F i g u r e s  8-11 and 
8-12. Females w i t h  mature eggs were f i r s t  d e t e c t e d  about  20 March, w i t h  
l a y i n g  a c t i v i t y  l a s t i n g  a t  l e a s t  16 weeks. Th is  e s t i m a t e  i s  
c o n s e r v a t i v e  because  no female  specimens were t aken  d u r i n g  l a t e  J u l y  
when t h e  t e r m i n a t i o n  of egg l a y i n g  would have been a p p a r e n t .  Data from 
o v a r i e s  and o v i d u c t s  gave s i m i l a r  r e s u l t s .  Oviducts  showed g r a d u a l  
recrudescence and r e g r e s s i o n  and a  c l e a r  s e p a r a t i o n  of a d u l t  and 
immature weights .  I n  g e n e r a l ,  female r e p r o d u c t i v e  a c t i v i t y  lagged 
s e v e r a l  weeks behind t h a t  of t h e  male,  w i t h  i n c r e a s e d  o v a r i a n  and 
ov iduc t  weights  noted from 1 March t o  e a r l y  September. 

A l l  r e p r o d u c t i v e  measures conf i rm a  long b reed ing  season  of 21 t o  24 
weeks f o r  Gambel Qua i l  i n  t h e  Colorado River  v a l l e y .  Th is  i s  longer  
t h a n  o t h e r  p r e v i o u s l y  r e p o r t e d  b reed ing  p e r i o d s  f o r  t h i s  o r  any c l o s e l y  
r e l a t e d  s p e c i e s .  



V e g e t a t i o n  Eanagement - 311 



Vegetation Management - 312 



Vegetat ion Nanagement - 313 



Vegetat ion Kanagement - 3 14 

. , 

(I] 
U (I] 
s a 
M r i  
.rl a 

E 
2 



Vegeta t ion  Management - 315 

D i e t  

About 900 q u a i l  c rops  c o n t a i n i n g  a  t o t a l  of 2,188 food i tems were 
examined between 1974 t o  1978. Table  8-6 shows t h e  f requency  and 
p e r c e n t  volume of food i t ems  comprising a t  l e a s t  1% of t h e  d i e t  f o r  t h e  
f o u r  y e a r s  of s tudy .  About 100 p l a n t  s p e c i e s  and 45 a r t h r o p o d  t a x a  were 
r e p r e s e n t e d  i n  t h e  t o t a l  sample. F a j o r  food c a t e g o r i e s  were c u l t i v a t e d  
c r o p s ,  mesqui te  beans ,  annual  seeds  and p l a n t s  ( i n c l u d i n g  m i s t l e t o e ) ,  
and animal m a t t e r .  A g e n e r a l  s e a s o n a l  p a t t e r n  of food p r e f e r e n c e s  was 
apparen t  ( F i g .  8-13),  w i t h  mesqui te  pods a major food i t em i n  l a t e  
summer and f a l l ,  annua l s  o r  c u l t i v a t e d  c r o p s  most impor tan t  i n  w i n t e r ,  
and animal m a t e r i a l  (mainly  a n t s  and r o d e n t  f e c e s )  t a k e n  l a r g e l y  i n  
summer. 

Th is  p a t t e r n  v a r i e d  g r e a t l y  from y e a r  t o  year .  Both 1974 and 1977 
showed a  h i g h  percen tage  of annua l s  i n  t h e  d i e t  ( w i n t e r  1974, s p r i n g  
1977).  I n  each c a s e  t h i s  occur red  f i v e  t o  s i x  months a f t e r  major r a i n s  
(F ig .  8-13). I n  1976, fo l lowing  a  v e r y  d r y  y e a r ,  a n n u a l s  were n o t  v e r y  
impor tan t  i n  t h e  d i e t ,  and c u l t i v a t e d  c r o p s  remained t h e  major food 
s o u r c e  through most of t h e  y e a r .  I n  1975, f o l l o w i n g  a y e a r  of 
i n t e r m e d i a t e  r a i n ,  t h r e e  major food i t ems  shared  impor tance ,  w i t h  a  
s w i t c h  from a n n u a l s  t o  c u l t i v a t e d  c r o p s  i n  s p r i n g  and a  s h i f t  t o  
mesqui te  pods i n  l a t e  summer. O v e r a l l  d i e t  d i v e r s i t y  was h i g h e s t  i n  
summer and lowes t  i n  w i n t e r  and was h i g h e r  a f t e r  wet y e a r s  t h a n  a f t e r  
d r y  y e a r s  ( T a b l e  8-7). 

DISCUSSION 

Examination of a l l  d a t a  from t h e  p r e s e n t  s t u d y  s u g g e s t s  two impor tan t  
t o p i c s  f o r  f u r t h e r  d i s c u s s i o n .  One i s  t h e  h i g h l y  s e a s o n a l  n a t u r e  of a l l  
a s p e c t s  of Gambel Qua i l  b iology.  The o t h e r  i s  t h e  g r e a t  i n f l u e n c e  t h a t  
a g r i c u l t u r a l  a r e a s  have on q u a i l  i n  t h e  Colorado R i v e r  v a l l e y .  

The importance of t h e  w i n t e r  season t o  b i r d  p o p u l a t i o n s  was s t r e s s e d  by 
F r e t w e l l  (1972) ;  however, most b i r d  s t u d i e s  have been conducted 
e x c l u s i v e l y  d u r i n g  t h e  b reed ing  season.  The f a c t  t h a t  q u a i l  
c o n s i s t e n t l y  exper ience  heavy m o r t a l i t y  i n  f a l l  and w i n t e r  s u g g e s t s  t h a t  
t h i s  i s  t h e  t i m e  of p o p u l a t i o n  l i m i t a t i o n .  Winter  q u a i l  d e n s i t i e s  were 
n e a r l y  i d e n t i c a l  each  y e a r ,  whereas w i n t e r  t e m p e r a t u r e s ,  p r e c i p i t a t i o n ,  
and summer q u a i l  d e n s i t i e s  v a r i e d  markedly. Thus, q u a i l  d e n s i t i e s  
seemed independent  of w i n t e r  weather ;  however, t empera tu re  and r a i n f a l l  
probably  a f f e c t e d  subsequent  r e p r o d u c t i v e  s u c c e s s  i n  some way. 

The f a c t  t h a t  t h e  d i s t r i b u t i o n  of q u a i l  among p l a n t  communities ( i . e . ,  
h a b i t a t  b r e a d t h )  became narrower w i t h  t h e  o n s e t  of each  w i n t e r  i m p l i e s  
t h a t  t h i s  was a  p e r i o d  of a c t i v e  h a b i t a t  s e l e c t i o n .  The c o n s i s t e n t  
p r e f e r e n c e  f o r  honey mesqui te  a t  t h i s  t ime r e l a t e s  t o  bo th  food and 
cover .  Honey mesqu i te  s t a n d s  a r e  g e n e r a l l y  q u i t e  pa tchy ,  wi th  more sa l t  
bush i n  open a r e a s .  The nondeciduous sa l t  bush i s  a p r e d i c t a b l e  w i n t e r  
cover  f o r  q u a i l  where f o l i a g e  i s  o t h e r w i s e  l a c k i n g .  Openings a l s o  
s u p p o r t  growth of annual  p l a n t s  i n  l a t e  w i n t e r  and e a r l y  s p r i n g .  I n  
a d d i t i o n ,  enough mesqui te  pods probably  remain on t h e  ground t o  supp ly  a 
dependable  food source  through a t  l e a s t  p a r t  of t h e  w i n t e r ,  and 
m i s t l e t o e  seeds  become a v a i l a b l e  i n  l a t e  w i n t e r .  
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Tab le  8-6. D i e t  of Gambel Qua i l  i n  lower Colorado River  v a l l e y  from 
1974-1978. 

Category P e r c e n t  f requency  P e r c e n t  volume 

Animal m a t e r i a l  

Rodent f e c e s  
Formicidae ( a n t s )  
Coleop te ra  ( 1 5  f a m i l i e s )  
Hornoptera ( 7  f a m i l i e s )  
Hemiptera ( 7  f a m i l i e s )  
E r u c i f  o m  l a r v a e  
E l a t e r i f o r m  l a r v a e  
16 o t h e r  o r d e r s  and f a m i l i e s  
Miscel laneous  i n s e c t  p a r t s  
T o t a l  

Mesquite s e e d s  

Screwbean mesqui te  
Honey mesqui te  
T o t a l  

C u l t i v a t e d  c r o p  s e e d s  

T r i t i c u m  aes t ivum (Wheat) 8.01 
Medicago s a t i v a  ( A l f a l f a )  2.61 
Sorghum v u l g a r e  (Milo) 
T o t a l  

Annual and o t h e r  s e e d s  

Phoradendron c a l i f o r n i c u m  
( M i s t l e t o e )  3.84 

Chenopodium (spp.)  
Ol igomeris  l i n i f o l i a  
Rumex (spp.)  
Panicum (spp.)  
Sorghum ha lepense  

(Johnson g r a s s )  
S a l s o l a  k a l i  
' ( R u s s i z h i s  t l e )  
Capse l l a  b u r s a - p a s t o r i s  

(Shephard 's  purse )  
85 o t h e r  p l a n t  s p e c i e s  
T o t a l  annual  s e e d s  ' 

T o t a l  seeds  
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Tab le  8-6. ( c o n t . )  

Category P e r c e n t  f r equency  P e r c e n t  volume 

P l a n t  m a t e r i a l  

Medicago s a t i v a  
P r o s o p i s  (spp. )  
Other  s p e c i e s  
T o t a l  8.65 7.15 
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Table  8-7. D i e t  d i v e r s i t y  i n d e x  f o r  Gambel Quai l  i n  t h e  lower Colorado 
River  v a l l e y .  Index  c a l c u l a t e d  (H = -C piloglopi)  f o r  each  
month and f o r  combined samples f o r  months and y e a r s  ( s e e  
t e x t )  where p  i s  t h e  p r o p o r t i o n  of d i e t a r y  i t e m  i. * = v e r y  
s m a l l  sample; b l a n k  s i g n i f i e s  no d a t a .  

Month 1974 197 5 1976 1977 T o t a l  

January  

February  

March 

A p r i l  

May 

J u n e  

J u l y  

August 

September 

October 

November 

December 

TOTAL 
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Screwbean mesquite stands appear superficially similar to honey 
mesquite, but they support almost no quail in winter. Screwbean 
mesquite is usually denser and less patchy than honey mesquite, lacks 
salt bush, has few mistletoe, and has little bare ground for annual 
plant production. The presence of seed pods is apparently not 
sufficient to attract wintering quail, and high autumn densities decline 
by December. 

It has been suggested that choice of winter habitat by birds may 
directly affect subsequent breeding season survival and reproduction 
(Fretwell 1972). It would be advantageous for birds to winter in 
habitats where they can breed. They would thus gain experience in 
foraging and reduce the time and energy necessary to establish breeding 
sites. Since most spring breeding by quail takes place in honey 
mesquite and seems related to winter production of annual plants, quail 
that successfully winter in honey mesquite would have an advantage at 
that time. 

The quail hunting season opened every year on 1 October. Hunting 
pressure tapered off as quail dispersed and the population declined. In 
fall, when hunting pressure is greatest, quail habitat preferences are 
linear. At that time, they are forced out of the open areas into the 
more dense areas where hunters and their dogs cannot penetrate. 

Year-to-year variation in quail habitat preference can best be explained 
by food availability which is influenced by precipitation. In late 
summer and fall, quail densities in mesquite communities paralleled pod 
production. In 1975 and 1978, both pod availability and quail densities 
remained high through November; both years followed wet winters. The 
single most important factor governing quail productivity appears to be 
the presence of annuals in winter and early spring. The annuals provide 
the bulk of the diet at those critical periods when mesquite pods are 
absent, particularly at the beginning of the breeding cycle. During 
March-April 1977, six months after major rains, annuals were predominant 
in the diet. At that time, only a low correlation (r = 0.461) existed 
between quail numbers and the important vegetation variables (see 
Chapter 5); the widespread appearance of annuals allowed a relaxation of 
the quail's usually more rigid habitat preferences. 

Precipitation and production of annual plants are extremely variable, 
and it is this variability that highlights the importance of agriculture 
to quail in the Colorado River valley. As shown in Figure 8-10, the 
proportions of annuals and cultivated crops in the diet were inversely 
related throughout the study period. Annuals predominated during the 
winter and spring following the major rains of August 1973 and September 
1976. After the dry year of 1975, cultivated crops replaced annuals in 
quail diets almost completely. Thus, the alternative food source 
provided by agricultural land may help to mitigate winter losses caused 
by starvation and insure ample food to stimulate early spring 
reproduction. 

The Gambel ~uail is one species showing a classical edge effect; that 
is, it attains a higher density on the agricultural-riparian edge than 
in either pure agricultural areas or riparian communities. Laudenslayer 



V e g e t a t i o n  Management - 321 

and Balda (1976) d i d  n o t  f i n d  t y p i c a l  edge b i r d s  i n  n a t u r a l  e c o t o n a l  
a r e a s  of n o r t h e r n  Arizona.  However t h e  e f f e c t  of a g r i c u l t u r a l - r i p a r i a n  
edge on s e v e r a l  sou thwes te rn  d e s e r t  s p e c i e s  i s  now becoming a p p a r e n t  
(Conine e t  a l .  1978) .  The response  of q u a i l  t o  t h i s  edge i s ,  a g a i n ,  
r e l a t e d  t o  b o t h  food and cover .  The dense  s a l t  bush s t r i p  t h a t  i s  
t y p i c a l l y  p r e s e n t  p rov ides  i d e a l  c o v e r ,  and t h e  r e a d i l y  a v a i l a b l e  
a l t e r n a t i v e  food s o u r c e s  a l l e v i a t e  food s h o r t a g e s  i n  r i p a r i a n  h a b i t a t s .  

The extremely l o n g  b reed ing  season recorded  i n  t h i s  s t u d y  i s  probably  
r e l a t e d  t o  t h e  above mentioned f a c t o r s .  Because q u a i l  do n o t  s o c i a l l y  
r e g u l a t e  t h e i r  numbers b e f o r e  t h e  o n s e t  of w i n t e r  (Anderson e t  a l . ,  
ms.) ,  young produced l a t e  i n  t h e  season a r e  n o t  a t  a d i s a d v a n t a g e  i n  
f a l l  coveys. T h e r e f o r e ,  t h e r e  i s  a  s e l e c t i v e  advan tage  f o r  b reed ing  
p a i r s  t o  produce a s  many young a s  p o s s i b l e  over  a s  long  a  p e r i o d  a s  
p o s s i b l e .  The c o n s i s t e n t l y  dependable  food supp ly  from a g r i c u l t u r a l  
c rops  a s s u r e s  r e l a t i v e l y  f a v o r a b l e  c o n d i t i o n s  i n  l a t e  w i n t e r  f o r  t h e  
i n i t i a t i o n  of e a r l y  b reed ing  and e x t e n s i o n  of b reed ing  through l a t e  
summer. I f  a g r i c u l t u r a l  a r e a s  were n o t  p r e s e n t  i n  t h e  v a l l e y ,  b reed ing  
might be delayed o r  even c u r t a i l e d  i n  y e a r s  when food i s  l i m i t e d .  

I n  summary, t h e  p resence  of a g r i c u l t u r a l  l and  i n  t h e  Colorado River  
v a l l e y  seems t o  moderate q u a i l  p o p u l a t i o n  f l u c t u a t i o n s  by a l l e v i a t i n g  
w i n t e r  food s h o r t a g e s .  A g r i c u l t u r a l  l a n d  a l s o  c o n t r i b u t e s  t o  h i g h e r  
numbers of q u a i l  year-round because of t h e  p a r t i c u l a r  b e n e f i t s  of 
a g r i c u l t u r a l - r i p a r i a n  edge. However, t h e  b e n e f i t s  of a g r i c u l t u r e  must 
be viewed w i t h  c a u t i o n .  It must be s t r e s s e d  t h a t  pure  a g r i c u l t u r e  
h a b i t a t  s u p p o r t s  v e r y  few q u a i l .  A t  p r e s e n t ,  q u a i l  p o p u l a t i o n s  a r e  
dependent upon n a t i v e  mesqui te  communities f o r  b reed ing  and f o r a g i n g .  A 
mosaic of r i p a r i a n  and a l t e r e d  h a b i t a t s  must be mainta ined i n  o r d e r  t o  
suppor t  h e a l t h y  q u a i l  popu la t ions .  A s  t h e  b a l a n c e  of t h i s  mosaic s h i f t s  
toward pure  a g r i c u l t u r e ,  t h e  enhancing e f f e c t  of t h e  edge w i l l  be l o s t  
and i s o l a t e d  a r e a s  of n a t u r a l  h a b i t a t  w i l l  become r e f u g i a  f o r  q u a i l  
p o p u l a t i o n s  s t r u g g l i n g  t o  s u r v i v e .  I f  t h e  e n t i r e  v a l l e y  i s  conver ted  t o  
a g r i c u l t u r e ,  some q u a i l  may p e r s i s t  i n  pocke t s  of nonarab le  l and  o r  i n  
d e s e r t  washes a d j a c e n t  t o  t h e  Colorado River  v a l l e y ,  b u t  Gambel Qua i l  
w i l l  be l o s t  a s  a  gamebird resource .  

CONCLUSIONS 

Addressing t h e  g o a l s  o u t l i n e d  i n  t h e  i n t r o d u c t i o n ,  t h e  main c o n c l u s i o n s  
of t h i s  s t u d y  a r e  a s  fo l lows :  

Quai l  d e n s i t y  f l u c t u a t e s  by 90% a n n u a l l y ,  w i t h  peaks a t t a i n e d  i n  
l a t e  summer and lows reached i n  February;  w i n t e r  i s  t h e  season  when 
t h e  p o p u l a t i o n  i s  l i m i t e d .  

Quai l  depend on n a t i v e  honey mesqu i te  d u r i n g  most seasons ;  
p r e f e r r e d  Stands  a r e  dense  but  pa tchy ,  w i t h  s a l t  bush and annua l s  
p r e s e n t .  Qua i l  d e n s i t i e s  a r e  h i g h e s t  a long  t h e  i n t e r f a c e  between 
a g r i c u l t u r a l  a r e a s  and r i p a r i a n  h a b i t a t s .  

The long b reed ing  season  (21-24 weeks) e x t e n d s  from l a t e  February 
th rough  August; f a v o r a b l e  p r e c i p i t a t i o n  and subsequent  w i n t e r  
annua l  p l a n t  p roduc t ion  a r e  impor tan t  f o r  t h e  i n i t i a t i o n  of e a r l y  
b reed ing .  
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Quail feed primarily on honey mesquite pods in late summer and fall 
and prefer seeds of annual plants in winter and spring. When dry 
conditions prevent growth of annuals, cultivated crops become more 
prevalent in the diet of quail. 

Factors such as extensive mesquite habitats and adjacent 
agricultural areas probably contribute to increased winter survival 
and a longer breeding season, making this population consistently 
denser and more stable than nonriparian populations. 

A mosaic of agricultural and riparian vegetation will adequately 
support healthy quail populations, provided that future conversion 
to agriculture is limited. 

With these facts in mind, the following specific management 
recommendations can be made: 

Maintain a diversity of natural plant communities, since most 
community types are used during some period throughout an annual 
cycle. 

Preserve extensive tracts of honey mesquite or mixed honey mesquite 
communities. Fruits of honey mesquite are an important dietary 
component in late summer and fall. Soils supporting extensive 
tracts of mixed or mesquite-dominated communities also support 
varying amounts of annual plants, the leaves and seeds of which 
comprise the main dietary items of quail in the absence of 
agricultural crops. Presence of extensive mesquite habitats 
adjacent to agricultural areas may lengthen the quail breeding 
season and mitigate winter mortality. 

Irrigate 2 to 5 ha (5 to 12.5 a) plots of honey mesquite habitats, 
where possible, once monthly in November, December, and January, to 
encourage growth of annuals and salt bush. This would maintain a 
higher carrying capacity of quail throughout the winter (the 
limiting season), and ensure a higher density of breeding pairs at 
the beginning of the breeding season. Irrigation tailings from 
agricultural areas could be diverted into mesquite habitats for 
this purpose. Summer waterings would promote less desirable plant 
species and extensive tracts of dense vegetation, which are not 
preferred by quail. 

Maintain cover species such as quail bush and wolfberry, as well as 
other seed and fruit-bearing species such as mistletoe, in tracts 
of honey mesquite. Quail bush and wolfberry could be seeded in low 
areas if irrigation waters were provided. 

Encourage the development of hedgerows of quail bush in the natural 
plant communities adjacent to agricultural areas. This would serve 
as escape cover for quail and provide benefits to the farmer by 
reducing wind erosion of top soil (boundary layer effect). Excess 
water from fall irrigations could be used to establish the 
hedgerows of quail bush. 
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F. Convert pure salt cedar stands to mesquite or mixed communities and 
develop patchy dense ground cover ( (3  rn [ < l o  ft]) using quail bush 
and wolfberry shrubs. This management capability is possible where 
irrigation is available. 

G. Encourage rectangular development of agricultural blocks in 
remaining honey mesquite habitats that are to be cleared. A strip 
of mesquite habitat 200 to 300 m (656 to 984 ft) wide should be 
left between adjacent fields. Rectangular blocks of agricultural 
lands can be as long as possible, but the width should not exceed 1 
km (0.6 mi) for minimum natural habitat loss for quail. 

H. Promote better understanding between the water managers, local 
residents, and wildlife agencies as to both the value of Gambel 
Quail as an aesthetic and economic resource, and the harmony that 
is possible between population growth, agricultural development, 
and wildlife conservation in the future. 



Vegetation Management - 324 

LITERATURE CITED 

Anderson, B. W., R. W. Engel-Wilson, D. Wells, and R. D. Ohmart. 1977. 
Ecological study of southwestern riparian habitats: Techniques and 
data applicability. USDA Forest Service Gen. Tech. Rept. 
RM-43:146-155. 

Anderson, B. W., and R. D. Ohmart. 1976. Vegetation management annual 
report. U.S. Bureau of Reclamation, Boulder City, Nev. 

Anderson, B. W., and R. D. Ohmart. 1977. Vegetation management annual 
report. U.S. Bureau of Reclamation, Boulder City, Nev. 

Anderson, B. W., R. D. Ohmart, and J. Disano. 1978. Revegetating the 
riparian floodplain for wildlife. USDA Forest Service Gen. Tech. 
Rept. W0-12:318-331. 

Conine, K. H., B. W. Anderson, R. D. Ohmart, and J. F. Drake. 1978. 
Responses of riparian species to agricultural habitat conversions. 
USDA Forest Service Gen. Tech. Rept. W0-12:248-262. 

Emlen, J. T. 1971. Population densities of birds derived from transect 
counts. Auk 88:323-342. 

Emlen, J. T. 1977. Estimating breeding bird densities from transect 
counts. Auk 94:455-468. 

Fretwell, S. D. 1972. Populations in a seasonal environment. 
Princeton University Press, Princeton, N.J. 

Gullion, G. W. 1960. The ecology of Gambel's Quail in Nevada and the 
arid Southwest. Ecology 41:518-536. 

Gullion, G. W. 1962. Organization and movements of coveys of a Gambel 
Quail population. Condor 64:402-415. 

Gullion, G. W., and A. M. Gullion. 1964. Water economy of Gambel 
Quail. Condor 66:32-40. 

Hungerford, C. R. 1962. Adaptations shown in selection of food by 
Gambel Quall. Condor 64:213-219. 

Laudenslayer, W. F., and R. P. Balda. 1976. Breeding bird use of a 
pinyon-juniper-ponderosa pine ecotone. Auk 93:571-586. 

Lewin, V. 1963. Reproduction and development of young in a population 
of California Quail. Condor 65:249-278. 

MacArthur, R. H., and J. W. MacArthur. 1961. On bird species 
diversity. Ecology 42:594-598. 

Ohmart, R. D., W. 0. Deason, and C. Burke. 1977. A riparian case 
history: The Colorado River. USDA Forest Service Gen. Tech. Rept. 
RM-43:35-47. 



V e g e t a t i o n  Management - 325 

R a i t t ,  R. J . ,  and R. D. Ohmart. 1966. Annual c y c l e  of r e p r o d u c t i o n  and 
mol t  i n  Gambel Q u a i l  of t h e  Rio Grande V a l l e y  i n  s o u t h e r n  New 
Mexico. Condor 68:541-561. 

Shannon, C. E . ,  and W .  Weaver. 1949. The mathemat ica l  t h e o r y  of 
c n m u n i c a t i o n .  Univ. I l l i n o i s  P r e s s ,  Urbana. 

S a i t h ,  R. H . ,  and S. G a l l i z i o l i .  1965. P r e d i c t i n g  h u n t e r  s u c c e s s  by 
means of a s p r i n g  c a l l  count  of Gambel Qua i l .  J. Wildl .  Manage. 
29:806-813. 



Vegetation Management - 326 

CHAPTER 9 

AVIAN SUCCESSION IN BURNED RIPARIAN VEGETATION 

INTRODUCTION 

Currently in the United States a large proportion of upland habitat 
destruction or disturbance is a result of clearcutting for lumber and 
natural and man-caused fires. Economic and aesthetic losses sustained 
as a consequence of fires are great -- destruction of wildlife often has 
been portrayed as similarly large. Nevertheless, there is little 
information available on the impact of fire on wildlife. 

The recovery of plant communities after various types of disturbances 
has been observed and documented (Shantz 1917, Booth 1941, Launchbaugh 
1955, Judd 1974). Changes in plant community composition are consistent 
and predictable in many areas. Rapidity of recovery varies as a 
function of type, size, severity of disturbance, and the type of plant 
community involved. 

Among the trends characterizing successive stages (seres) occurring 
after disturbance is a progressive increase in the vertical complexity 
of vegetation, continuing until some stable, climactic plant community 
is established. The relationship between the diversity of various 
community components and stages of development can be expressed in 
general probabilities. That is, early stages generally will have a 
lower diversity of plants, insects, birds, etc., than the last stage or 
stages (Odum 1971). But specific observations of early and intermediate 
stages of development and diversity of community components 
(particularly avian indices of diversity) have not always lent 
themselves to ready interpretation or provided reliable or consistent 
data for predictive purposes. 

A number of studies have reported concurrent increases in the number of 
bird species (bird species richness) and the number of birds (density) 
with increasing age of developmental stages (Kendeigh 1944, Odum 1950, 
Johnston and Odum 1956, Shugart and James 1973, and others). However, 
closer examination of the data (Odum 1950, Johnston and Odum 1956), for 
example, indicates early or intermediate stages of development in which 
species richness and/or density was higher than in later stages. 

A tendency toward increasing values of bird species diversity with 
advancing seres, as reported by Shugart and James (1973) and Zimrnerman 
and Tatschl (1975), was not confirmed by the observations of Milne 
(1974) or Conner and Adkisson (1975). This contradicts predictions that 
have been made possible by the development of a technique (MacArthur and 
MacArthur 1961) for quantifying the structural characteristics of plant 
communities in a manner more refined than merely determining the age of 
an area in years. The MacArthurs' view of avian responses to vegetation 
involved the demonstration of correlations between foliage height 
diversity (FHD) and bird species diversity (BSD). By assuming that the 
key variable was vertical vegetation structure (and not other attributes 
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such as plant species richness or composition), the comparison of 
foliage and avian indices of diversity obtained from various types of 
habitats or plant associations was possible (?kcArthur and MacArthur 
1961). But it seemed logical to assume that intercommunity differences 
in bird populations existed; as pointed out by Willson (1974:1021), 
"Simple similarity of foliage profile ... does not predict similarity of 
avian communities; different habitats have different relationships." By 
accepting the Willsonian logic (and without attempting to discredit the 
confirmations that have accumulated in support of ?lacArthur and 
MacArthur 1961), it should not be surprising, and perhaps one should 
expect, to find dissimilar avian communities characterizing different 
habitats, especially those with unequal FHD's. 

Other studies have been restricted to one plant community or association 
(Meslow and Wight 1975, Conner and Adkisson 1975) in which the number 
and/or diversity of birds did not reach their peak in concert with the 
development of a mature or climax stand of vegetation, again in contrast 
to what would have been predicted via FHD and BSD correlations (Conner 
et al. 1979). Presumably the nonconformity of some of the above- 
mentioned bird communities to various plant community developmental 
stages was a response to some factor or factors other than foliage 
height diversity per se. In our study, data are presented from a single 
community type in order to reduce variation due to differential 
responses to the presence or absence of certain species of vegetation 
that could potentially affect avian population characteristics. 

Most studies examining the relationship of avian populations and sera1 
stages have been conducted in the eastern United States. Of the few 
western studies, none has investigated the response of bird populations 
to regenerated riparian vegetation. The present study was designed to 
determine which of several previously reported patterns (if any) was 
exhibited by the avifauna of such a habitat type, and to determine the 
relationship of bird species richness, density, and daily energy 
expenditure (DEE) to various indices of vegetation structure and 
complexity. Specifically, the assumption was that no significant 
relationship would exist between FHD and the avian community attributes. 

This study includes data only for summers. It would have been more 
informative to have included data from all seasons. Ultimately it was 
time and logistical support which placed constraints upon us. Our 
choices were to present one season only or to present no information on 
succession at all. Obviously we though that some information was better 
than none at all in this case. The results we present in this chapter 
cannot necessarily be considered representative of other seasons. They 
do, however, represent four summers, thus conclusions for summer are 
based on a substantial data base. 

THE STUDY AREA 

The study was conducted in the lower Colorado River valley of extreme 
western Arizona at an elevation of approximately 100 m (328 ft). Sone 
of the most dramatic habitat changes that have occurred in Arizona have 
taken place in the riparian ecosystem associated with the lower Colorado 
River (Ohmart et al. 1977). The construction of dams, starting in the 
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1930 's ,  has  r e s u l t e d  i n  t h e  c o n t r o l  of s p r i n g  f l o o d i n g ,  a n  i n t e g r a l  p a r t  
of t h e  e s t a b l i s h m e n t  and maintenance of r i p a r i a n  h a b i t a t s ,  p a r t i c u l a r l y  
those  of t h e  cottonwood-willow community. P a t t e r n s  of s u c c e s s i o n  were 
t h e r e f o r e  observed under c o n d i t i o n s  where n a t u r a l  means of s u c c e s s i o n  a s  
a f f e c t e d  by f l o o d i n g  were p rec luded .  

The c l i m a t e  of t h e  lower Colorado River  v a l l e y  i s  one of extremes.  
R a i n f a l l  i s  s p a r s e .  S c a t t e r e d ,  sometimes v i o l e n t ,  b u t  b r i e f  late-summer 
t h u n d e r s t o m s  and g e n t l e  w i n t e r  r a i n f a l l  combine t o  c o n t r i b u t e  a n  
average of l e s s  t h a n  10 cm (3.9 i n )  of m o i s t u r e  p e r  year .  Winter 
t empera tu res  a r e  comparat ively  m i l d ,  b u t  summers a r e  c o n s i s t e n t l y  h o t ,  
w i t h  d a i l y  h i g h s  o f t e n  exceeding 4 0 ' ~  ( 1 0 4 ' ~ ) .  

S ix  a r e a s  of r i p a r i a n  h a b i t a t  were s t u d i e d  ( F i g .  9-1). Two of t h e  a r e a s  
(A and B) were on t h e  Havasu N a t i o n a l  W i l d l i f e  Refuge near  Topock, 
Arizona.  These a r e a s  burned a r l y  i n  1976. Area C ,  which burned i n  t h e  
summer of 1974, was l o c a t e d  nor thwest  of P o s t o n ,  Arizona,  on t h e  
Colorado River  I n d i a n  Reserva t ion .  Area D ,  l o c a t e d  southwest  of P o s t o n ,  
was burned i n  August 1973. Area E ,  which burned i n  1959, was l o c a t e d  
approximately  15 km (9.3 mi) n o r t h  of B l y t h e ,  C a l i f o r n i a ,  and was used 
a s  a  r e p r e s e n t a t i o n  of an i n t e r m e d i a t e  s t a g e  of redevelopment.  Data 
from r e l a t i v e l y  mature  v e g e t a t i o n  ( a r e a  F) were o b t a i n e d  from t h e  lower 
B i l l  Wil l iams R i v e r ,  about 25 km (15.5 mi) n o r t h e a s t  of P a r k e r ,  Arizona 
(Fig .  9-1). Th i s  a r e a  had n o t  been burned p r e v i o u s l y .  

The s t u d y  a r e a s  were e s t a b l i s h e d  w i t h i n  what had been cottonwood-willow- 
s a l t  c e d a r  a s s o c i a t i o n s .  Cottonwood proved t o  be v e r y  s u s c e p t i b l e  t o  
t h e  e f f e c t s  of f i r e ,  and few t r e e s  su rv ived  t h e  h o l o c a u s t .  R e s u l t i n g  
a s s o c i a t i o n s  were dominated by wi l low and s a l t  cedar .  Also p r e s e n t  were 
screwbean mesqui te  and t h e  sh rubs  arrowweed and four-wing s a l t  bush. 
Area A con ta ined  approximately  24 wi l lows p e r  ha  (2 .5  a ) ;  a r e a  B had 59 
wi l lows per  ha;  a r e a  C had 154 wi l lows p e r  ha;  a r e a  D had 252 wi l lows 
per ha;  a r e a  E had 374 wi l lows per  ha;  and a r e a  F had approximately  219 
cottonwoods and 355 willows p e r  ha.  

METHODS 

Transec ts  

Pathways 0.75 m (2.5 f t )  wide and 800 m (2625 f t )  long  were e s t a b l i s h e d  
through t h e  s t u d y  a r e a s .  Each pathway, o r  t r a n s e c t ,  was d i v i d e d  i n t o  
160-m (525- f t )  u n i t s ,  y i e l d i n g  f i v e  s u b p l o t s  on each s i d e  of t h e  
t r a n s e c t .  All d a t a  were ob ta ined  from t h e  t r a n s e c t s  and w i t h i n  t h e  
s u b p l o t s ,  excep t  temperature  i n f o r m a t i o n ,  which was procured from U.S. 
weather  s t a t i o n s  i n  t h e  Colorado River  v a l l e y .  

Vege ta t ion  Measurements 

F o l i a g e  h e i g h t  d i v e r s i t i e s  were measured f o r  each t r a n s e c t  u s i n g  t h e  
board t echn ique  of M k ~ r t h u r  and MacArthur (1961) .  From each of t h e  
f o u r  most r e c e n t l y  burned a r e a s  (A through D),  FHD's were recorded 
d u r i n g  each  of t h e  f o u r  summers. F o l i a g e  measurements were t a k e n  from 
t h r e e  predetermined p o i n t s  l o c a t e d  w i t h i n  each  s u b p l o t ,  each 
approximately  4.6 m (15 f t )  from t h e  t r a n s e c t  (Anderson e t  a l .  1977).  
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F i g u r e  9-1. Location of s t u d y  s i t e s .  
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The same p o i n t s  were used each y e a r ;  measurements were made d u r i n g  May. 
The f a c t o r  measured was t h e  d i s t a n c e  from each p o i n t  a t  which a board 
(approximately  25 X 38 c m  [LO X 15 i n ] ) ,  h e l d  v e r t i c a l l y  t o  t h e  ground 
and p e r p e n d i c u l a r l y  t o  t h e  o b s e r v e r ,  was h a l f  covered w i t h  f o l i a g e  ( n o t  
dead stems o r  l imbs)  when c e n t e r e d  a t  h e i g h t s  of approx imate ly  15 cm (6  
i n ) ,  60 cm ( 2  f t ) ,  1.5 m ( 5  f t ) ,  3.0 m (10 f t ) ,  4.6 m (15 f t ) ,  6.0 m (20 
f t ) ,  7.6 m (25 f t ) ,  and each 3.0-m i n t e r v a l  t h e r e a f t e r ,  above t h e  
ground. These v a l u e s  were conver ted  i n t o  an  e s t i m a t e  of l e a f  s u r f a c e  
a r e a  per  cub ic  u n i t  of measure ( s e e  MacArthur and MacArthur 1961) ,  and 
t h e  average va lue  f o r  each h e i g h t  c a t e g o r y  was computed. These r e l a t i v e  
f o l i a g e  d e n s i t y  v a l u e s  were t h e n  grouped i n t o  l a y e r s  c o n s i s t i n g  of t h e  
sums of t h e  averages  ob ta ined  a t  15 cm and 60 cm, a t  1.5 m and 3.0 m y  
and a t  4.6 m and above,  r e p r e s e n t i n g ,  r e s p e c t i v e l y ,  t h e  t h e o r e t i c a l  
g r a s s  l a y e r ,  shrub l a y e r ,  and t r e e  l a y e r .  The term " g r a s s  l a y e r t '  i s  
d e s c r i p t i v e  of t h e  h e i g h t  i n t e r v a l  involved and i s  n o t  meant t o  imply 
t h a t  on ly  g r a s s  was measured,  o r  t h a t  g r a s s  even e x i s t e d .  The same was 
t r u e  of t h e  o t h e r  two l a y e r s  measured. F o l i a g e  h e i g h t  d i v e r s i t y  was 
c a l c u l a t e d  by means of i n f o r m a t i o n  t h e o r y  (Shannon and Weaver 1949) ,  
-z Pilnpi, where pi r e p r e s e n t s  t h e  p r o p o r t i o n  of t h e  t o t a l  e s t i m a t e d  
f o l i a g e  d e n s i t y  c o n t r i b u t e d  by t h e  f o l i a g e  a t  h e i g h t  l e v e l  i, producing 
a n  index of v e r t i c a l  complexi ty .  

The means of t h e  f o l i a g e  measures ob ta ined  were used a s  i n d i c e s  of 
f o l i a g e  d e n s i t y  i n  t h e  t h r e e  l a y e r s  mentioned above. The sum of t h e s e  
v a l u e s  was used a s  an  index t o  o v e r a l l  community f o l i a g e  d e n s i t y .  

H o r i z o n t a l  complexi ty  i n  t h e  t h r e e  l a y e r s  w a s  a l s o  thought  t o  have a  
p o t e n t i a l  i n f l u e n c e  on t h e  a v i a n  community (MacArthur 1964, Wi l l son  
1974). An index  t o  t h i s  component of t h e  h a b i t a t  was d e r i v e d  u s i n g  t h e  
average  v a l u e  f o r  a  g iven  l a y e r  w i t h i n  each 160-m s u b p l o t  and 
c a l c u l a t i n g  t h e  v a r i a n c e  of t h e  s u b p l o t s .  The sum of t h e  v a r i a n c e s  was 
used a s  an i n d i c a t i o n  of t o t a l  h o r i z o n t a l  complexi ty  (Anderson e t  a l .  
1978). 

The average number of cottonwood and wi l low t r e e s  p e r  ha  was inc luded  a s  
a  f i n a l  community measure ( N T C ) .  Only l i v e  t r e e s  were counted.  Th is  
measure d i d  n o t  change each y e a r  a s  d i d  t h e  o t h e r  v e g e t a t i o n  paramete rs .  

Avian Dens i ty  

A modified v e r s i o n  of t h e  Emlen (1971) census  t echn ique  was used t o  
e s t i m a t e  b i r d  d e n s i t i e s  (Anderson e t  a l .  1977).  T r a n s e c t s  were censused 
t h r e e  o r  f o u r  times each month dur ing  May, J u n e ,  and J u l y ,  h e r e  d e f i n e d  
a s  t h e  b reed ing  season.  S e v e r a l  s p e c i e s ,  however, commence a n d / o r  cease  
b reed ing  two t o  t h r e e  months p r i o r  t o  and a f t e r  t h i s  pe r iod  i n  t h e  
Colorado River  v a l l e y .  Each a r e a  was censused w i t h i n  two o r  t h r e e  hours  
fo l lowing  s u n r i s e .  Data were ga thered  from a r e a s  A-D f o r  f o u r  
consecu t ive  summers, commencing w i t h  t h e  f i r s t  summer a f t e r  t h e  d a t e  of 
d i s t u r b a n c e .  Data from areas E and I?, o b t a i n e d  d u r i n g  f o u r  summers 
(1976-1979), were averaged.  

T o t a l  b i r d  d e n s i t y  e s t i m a t e s  f o r  each a r e a  inc luded  on ly  10% of t h e  
e s t i m a t e  f o r  White-winged Doves and Mourning Doves. These s p e c i e s  
ob ta ined  but  a smal l  f r a c t i o n  of t h e i r  food requ i rements  from t h e i r  
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nesting habitat and commonly occurred in large numbers in riparian 
situations, particularly those near agricultural areas (Anderson and 
Ohmart 1975). 

Species Richness 

Estimates of numbers of species of birds in each study area for each 
year were limited to species known to breed within the riparian habitat, 
as determined by collection and dissection, and by observations of nests 
and young. Species observed only as flyovers (hawks, swallows) and 
those occurring only as migrants were not included. In addition, the 
more uncommon species whose densities were <0.5 per 40 ha (100 a) were 
not included in species richness totals. Migrants were omitted because 
of their irregular occurrence. If one study area did not happen to be 
censused on the day when a large wave of migrants passed through but 
another area was censused on that day, differences in species richness 
would merely reflect the vagueries of timing associated with migration 
rather than environmental features which characterize the sites. 

Daily Energy Expenditure (DEE) 

Estimates of the total avian DEE per 40 ha were derived by use of the 
following regression equation for bird species which do not feed 
exclusively on the wing, 

where DEE is expressed in W/day and W is body mass in grams (Walsberg 
1980). Weights for most species were obtained from specimens collected 
in the Colorado River valley during the study period"(Appendix 9-1). 
DEE values for each species, multiplied by that species' density, were 
summed to yield an estimate of the energy consumption occurring within 
each area each summer. These community DEE values do not include data 
for Gambel Quail, White-winged Doves, or Mourning Doves. Each of these 
species is large (average weight 167 g [5.8 oz], 150 g [5.3 oz], 117 g 
[4.1 oz], respectively); Gambel Quail may occur in large coveys, which 
results in large differences in DEE estimates between areas otherwise 
similar. White-winged and Mourning doves were present in large numbers 
in riparian habitat near agriculture; these species, in addition to the 
Gambel Quail, differ from the rest of the avian community in foraging 
primarily as granivores and herbivores. Energy used by a bird or any 
other animal is a direct result, directly or indirectly, of the ability 
of the vegetation to carry on photosynthesis. Thus DDE is frequently 
thought to be related to characteristics (foliage density and diversity, 
etc.) of the vegetation. 

Analysis 

Statistical analyses used included the Dunn multiple comparison test 
(Dunn 1964) and correlation matrices. The Dunn test was used to test 
for differences among the most recently disturbed sites (A through D), 
which were the areas of greatest structural similarity. The technique 
was used to compare combined sets of data observed during years one 
through four. Correlation matrices were created from the plant 
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community measures t o  s e a r c h  f o r  c o l i n e a r i t y .  C o r r e l a t i o n  c o e f f i c i e n t s  
were a l s o  ob ta ined  f o r  t h e  t h r e e  dependent v a r i a b l e s  and t h e  p l a n t  
community measures.  

A d a t a  d e s c r i p t i o n  program was employed t o  de te rmine  t h e  n o r m a l i t y  of 
t h e  d i s t r i b u t i o n  of t h e  independent  v a r i a b l e s .  Those v a r i a b l e s  n o t  
normal ly  d i s t r i b u t e d  i n  terms of b o t h  skewness and k u r t o s i s  a t  t h e  5 
p e r c e n t  l e v e l  of s i g n i f i c a n c e  were n o t  used i n  p r e d i c t i v e  a n a l y s e s .  
S ince  it i s  d e s i r a b l e  i n  s t a t i s t i c a l  a n a l y s e s  t o  r e f r a i n  from u s i n g  
h i g h l y  c o r r e l a t e d  v a r i a b l e s ,  a  p r i n c i p a l  components a n a l y s i s  was a l s o  
used t o  a i d  i n  t h e  s e p a r a t i o n  and d e t e r m i n a t i o n  of s u i t a b l e  v a r i a b l e s .  
A m u l t i l i n e a r  r e g r e s s i o n  a n a l y s i s  was used t o  t e s t  a v i a n  community 
parameters  ( s p e c i e s  r i c h n e s s ,  b i r d  d e n s i t y ,  and DEE) a g a i n s t  t h e  
a p p l i c a b l e  q u a n t i f i e d  v a r i a b l e s  of t h e  p l a n t  community. 

The d e v i a t i o n s  produced by s u b t r a c t i n g  t h e  observed Y ' s  from t h e  Y ' s  
p r e d i c t e d  by t h e  e q u a t i o n s  r e s u l t i n g  from r e g r e s s i o n  a n a l y s i s  a r e  
l o g i c a l l y  cons idered  t o  be t h e  r e s u l t  of numerous unmeasured b i o t i c  and 
a b i o t i c  v a r i a b l e s ,  i n c l u d i n g  sampling e r r o r  and assumption b i a s .  S ince  
t h e  l e n g t h  of t ime a f t e r  d i s t u r b a n c e  of t h e  s t u d y  a r e a s  was known (and 
i s  measurable  i n  many p l a n t  communit ies) ,  age  (AGE) was inc luded  a s  a  
v a r i a b l e  t o  h e l p  account  f o r  some of t h e  cumula t ive  o r  s u c c e s s i v e  
e c o l o g i c a l  changes t h a t  can be known b u t  n o t  e a s i l y  measured. Some of 
t h e s e  v a r i a b l e s  might i n c l u d e  such  f a c t o r s  as changing community 
r e s p i r a t i o n  and p roduc t ion ,  p l a n t  biomass,  t o t a l  o r g a n i c  matter, r o l e  of 
d e t r i t u s  i n  n u t r i e n t  r e g e n e r a t i o n ,  c a p a c i t y  of community t o  conserve  
n u t r i e n t s ,  and food c h a i n  and biochemical  d i v e r s i t y  (Odum 1969). 

RESULTS 

Vege ta t ion  

I n  t h e  f o u r  most r e c e n t l y  d i s t u r b e d  a r e a s  (A th rough  D),  FHD v a l u e s  
were, a s  expec ted ,  lowes t  d u r i n g  t h e  f i r s t  summer ( T a b l e  9-1). FHD's 
were s i m i l a r  i n  a r e a s  A through C d u r i n g  t h e  f i r s t  t h r e e  y e a r s ,  changing 
from an  average of 0.31 t h e  f i r s t  summer t o  an  average  of 0.55 t h e  
second summer, and s t a b i l i z i n g  n e a r  0.70 i n  y e a r s  t h r e e  and f o u r .  The 
v e g e t a t i o n  of s t u d y  s i t e  D was more even ly  d i s t r i b u t e d  t h a n  a t  s i t e s  A 
through C i n  y e a r s  one and two b u t  was s i m i l a r  d u r i n g  t h e  t h i r d  summer. 
FHD's i n  a r e a s  A, C, and D decreased  s l i g h t l y  d u r i n g  y e a r  f o u r ,  whereas 
a r e a  B i n c r e a s e d  from 0.70 t o  0.79 (Tab le  9-1). The FHD of s t u d y  s i t e  E 
was 0.98; t h e  FHD f o r  a r e a  F was 1.01. 

F o l i a g e  d e n s i t y  measures e x h i b i t e d  s t r o n g  and p r e d i c t a b l e  g e n e r a l  
p a t t e r n s  i n  t h e  t h r e e  l a y e r s  of v e g e t a t i o n  cons idered  (Tab le  9-2). 
F o l i a g e  d e n s i t y  was g r e a t e s t  i n  t h e  g r a s s  l a y e r  (FDG) dur ing  t h e  f i r s t  
summer a f t e r  d i s t u r b a n c e  and was observed a t  i t s  lowest  v a l u e s  i n  t h e  
two most mature a r e a s .  F o l i a g e  d e n s i t y  i n  t h e  i n t e r m e d i a t e  o r  sh rub  
l a y e r  (FDS) demonstrated a  t r e n d  o p p o s i t e  t o  t h a t  observed a t  t h e  l o w e s t  
l a y e r .  Values were s m a l l e s t  d u r i n g  t h e  f i r s t  summer, subsequen t ly  
peaking i n  a r e a s  A and B d u r i n g  t h e  t h i r d  summer, and i n  a r e a s  C and D 
d u r i n g  t h e  f o u r t h  summer. The f o l i a g e  d e n s i t y  v a l u e  a t  t h e  sh rub  l a y e r  
i n  a r e a  D was h i g h e r  i n  t h e  f o u r t h  summer (0 .51)  t h a n  t h e  f o l i a g e  
d e n s i t y  v a l u e s  i n  a r e a s  E (0.24) o r  F  (0 .41) .  Very s m a l l  amounts of 
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Table  9-1. F o l i a g e  h e i g h t  d i v e r s i t i e s  (FHD) of t h e  most r e c e n t l y  
d i s t u r b e d  s t u d y  s i t e s .  

Study s i t e  
Year 

f o l l o w i n g  
burn A B C D 
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Table  9-2. F o l i a g e  d e n s i t y  i n  g r a s s  (FDG), sh rub  (FDS), and t r e e  (FDT) 
l a y e r s ,  and t o t a l  p l a n t  community e s t i m a t o r  (FDC).  

Study s i te  Year FDG FD S  FDT FDC 
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f o l i a g e  occurred i n  t he  h ighes t  o r  t r e e  l a y e r  (FDT) i n  a r e a s  A through D 
during the f i r s t  four  summers. This he ight  i n t e r v a l  contained the  
g r e a t e s t  f o l i a g e  dens i ty  i n  a r eas  E and F. The index t o  r e l a t i v e  t o t a l  
community f o l i a g e  dens i ty  (FDC) a r r i v e d  a t  by combining t h e  f o l i a g e  
dens i ty  e s t ima te s  of t he  th ree  major vege ta t ion  l a y e r s  presented no 
obvious pa t t e rn .  Lowest FDC va lues  were observed during t h e  second 
summer a t  s i t e s  A through C ;  the  h ighes t  va lue  was t h a t  of a r e a  F (Table 
9-2). 

Estimates of h o r i z o n t a l  complexity d id  not  f a l l  i n t o  p a t t e r n s  a s  obvious 
a s  those j u s t  desc r ibed ,  but  the  same t r ends  e x i s t e d  (Table 9-3). 
Horizontal  complexity was g r e a t e s t  i n  the  g r a s s  l a y e r  (HCG) i n  a r e a s  A 
through D dur ing  the  f i r s t  year .  In  t he  shrub l a y e r  (HCS) va lues  were 
low i n  a r e a s  A through C during the  f i r s t  and second summers. Values 
g r e a t l y  increased  i n  a r e a s  A and B during t h e  t h i r d  summer and i n  a r e a  C 
i n  the  f o u r t h  year.  Study s i t e  D exh ib i t ed  r e l a t i v e l y  h igh  va lues  each 
year .  Horizontal  complexity va lues  i n  the  t r e e  l a y e r  (HCT) were almost 
nonexis ten t  u n t i l  t he  s t age  of growth and recovery exh ib i t ed  by a r e a s  E 
and F were obtained (Table 9-4). The index of t o t a l  community 
ho r i zon ta l  complexity (HCC) was high i n  a r e a s  A through D during the  
f i r s t  yea r ,  i n  D dur ing  t h e  second yea r ,  i n  B and D (A was moderately 
high) i n  the  t h i r d  y e a r ,  and i n  C and D dur ing  the  f o u r t h  year .  Values 
were high i n  a r e a s  E and F a l s o  (Table 9-4). 

A mat r ix  of t he  c o r r e l a t i o n  c o e f f i c i e n t s  of t h e  10 p l a n t  community 
measures used i n  t h i s  s tudy ind ica t ed  a  number of v a r i a b l e s  t h a t  
appeared t o  e x h i b i t  c o l i n e a r i t y  (Table 9-5). I n  terms of b i o l o g i c a l  
s ign i f i cance  we be l i eve  t h a t  some of t he  s i g n i f i c a n t  c o r r e l a t i o n s  were 
merely co inc iden ta l  and should not  be i n t e r p r e t e d  a s  i n d i c a t i n g  mul t ip l e  
measurement of the  same community f e a t u r e s .  The c o r r e l a t i o n s  appearing 
most l i k e l y  t o  r ep re sen t  i n t e r r e l a t e d n e s s  were f o l i a g e  dens i ty  and 
ho r i zon ta l  complexity measures. 

Avian Community 

A t o t a l  of 36 spec i e s  of b i r d s  was de tec ted  on t h e  s i t e s  i n  s u f f i c i e n t  
d e n s i t i e s  t o  be included a s  a  p a r t  of the  s tudy (Table 9-6). Of those 
spec ies  observed on t h e  s tudy s i t e s  each summer, n ine  spec i e s  were 
recorded i n  a l l  of t he  a r eas  each year  (Table 9-7). These nine spec i e s  
(Gambel Quai l ,  Mourning Dove, Ladder-backed Woodpecker, Ash-throated 
F lyca tcher ,  Lucy Warbler, Northern Or io l e ,  Brown-headed Cowbird, Blue 
Grosbeak, and Abert Towhee) r ep re sen t  a  b a s i c  avifauna of the  
cottonwood-willow-salt cedar community, a l though only t h r e e  of the  n ine  
spec ies  (Northern Or io l e ,  Blue Grosbeak, Abert Towhee) a r e  considered 
o b l i g a t e  r i p a r i a n  spec ies .  

I n t e r e s t i n g  t r ends  were a l s o  exhib i ted  i n  t h e  year-to-year da ta .  During 
the  f i r s t  summer the  fewest number of spec i e s  were observed i n  each of 
t h e  four  most r e c e n t l y  d is turbed  s i t e s  ( A  through D). Species r i chness  
peaked i n  these  a r eas  during the  t h i r d  summer, averaging 21 spec i e s ,  t he  
same a s  t h a t  observed i n  a r ea  E (which had burned nea r ly  20 years  
e a r l i e r ;  Table 9-8). The d i f f e r ence  between t h e  f i r s t  and t h i r d  years  
was s i g n i f i c a n t  a t  t he  5% l e v e l .  
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Table  9-3. H o r i z o n t a l  complexi ty  i n  g r a s s  (HCG), sh rub  (HCS), and t r e e  
(HCT) l a y e r s  i n  t h e  most r e c e n t l y  d i s t u r b e d  s i t e s .  

Study s i t e  Year HC G HC S HC T 
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Table 9-4. Community horizontal complexity (HCC). 

Age of study areas (AGE) 
(years) 

Study site 1 2 3 4 2 0 40 
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Table  9-5. C o r r e l a t i o n  c o e f f i c f e n t s  of t h e  n a t u r a l  l o g  of p l a n t  
community measures.  Abbrev ia t ions  a s  i n  Tab les  9:l-4. 

P l a n t  community measure 
P l a n t  
community 
measure I n  HCG I n  HCS I n  HCT I n  FHD I n  FDC I n  FDG 

I n  HCG 1 .OOO 

I n  HCS -0.083 1.000 

I n  HCT -0.306 -0.165 1.000 

I n  FHD -0.756 0.439 0.570 1 .OOO 

I n  FDC 0.107 0.209 0.648 0.330 1 .OOO 

I n  FDG 0.791 -0.238 -0.520 -0.885 -0.016 1.000 

I n  FDS -0.382 0.706 0.288 0.752 0.591 -0.519 

I n  FDT -0.305 -0.136 0.995 0.579 0.680 -0.512 

I n  AGE -0.531 -0.022 0.903 0.779 0.630 -0.701 

I n  HCC 0.532 0.485 0.349 0.082 0.687 0.118 

I n  NTH -0.128 0.216 0.582 0.480 0.592 -0.305 

P l a n t  community measure 
P l a n t  
community 
measure I n  FDS I n  FDT I n  AGE I n  HCC I n  NTH 

I n  FDS 1.000 

I n  FDT 0.325 1.000 

I n  AGE 0.567 0.912 1.000 

I n  HCC 0.365 0.364 0.191 1.000 

I n  NTH 0.457 0.595 0.56 1 0.440 1.000 

* 
NTH = number of b road lea f  t r e e s  pe r  ha ;  o t h e r  v a r i a b l e  a b b r e v i a t i o n s  
as i d e n t i f i e d  i n  Tab les  9:l-4. 1% l e v e l  of s i g n i f i c a n c e  = 0.59. 
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Table 9-6. Avian spec i e s  occurrence (no140 ha) i n  r i p a r i a n  h a b i t a t  
recovering from d i s tu rbance ,  lower Colorado River v a l l e y .  

Study s i t e  Bird spec ies  1976 1977 1978 1979 

A,  burned i n  American K e s t r e l  
1976 

Gambel Quail  

White-winged Dove 

Mourning Dove 

Roadrunner 

Lesser  Nighthawk 

Gi l a  Woodpecker 

Ladder-backed 
Woodpecker 

Ash-throated 
Flycatcher  

Say Phoebe 

Verdin 

Bewick Wren 

C r i s s a l  Thrasher 

Black- t a i l e d  
Gnatcatcher 

Loggerhead Shrike 

Lucy Warbler 

Yellow-breasted Chat 

Northern Or io l e  

Brown-headed Cowbird 

Blue Grosbeak 

Indigo Bunting 

Lazu l i  Bunting 
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Table 9-6. ( con t  .) 

Study s i t e  Bird spec i e s  1976 1977 1978 1979 

House Finch 

Abert Towhee 

Song Sparrow 

B ,  burned i n  American Kes t r e l  
19 7 6 

Gambel Quail  

White-winged Dove 

Mourning Dove 

Roadrunner 

Lesser  Nighthawk 

Common F l i c k e r  

G i l a  Woodpecker 

Ladder-backed 
Woodpecker 

Ash-throated 
Flycatcher  

Verdin 

Bewick Wren 

Mockingbird 

C r i s s a l  Thrasher 

Black-tai led 
Gnatcatcher 

Loggerhead Shrike 

S t a r  1,ing 

Lucy Warbler 

Common Yellowthroat 

Northern Or io le  
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Table 9-6. ( con t  .) 

- - 

Study s i t e  Bird spec ies  1976 1977 1978 1979 

Brown-headed Cowbird 5 5 6 1 

Blue Grosbeak 38 22 60 22 

Indigo Bunting 2 16 3 - 
Lazu l i  Bunting 1 - - 2 

Abert Towhee 7 2 0 2 9 2 0 

Song Sparrow - 4 - - 

C ,  burned i n  Gambel Quail  
1974 

White-winged Dove 

Mourning Dove 

Roadrunner 

Common F l i cke r  

G i l a  Woodpecker 

Ladder-backed 
Woodpecker 

Western Kingbird 

Wied Crested 
F lyca tcher  

Ash-throated 
F lyca tcher  

Verdin 

Cactus Wren 

Mockingbird 

C r i s s a l  Thrasher 
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Table 9-6. (cont  .) 

Black-tai led 
Gnatcatcher - 

Loggerhead Shrike 2 

Lucy Warbler 3 

Conmon Yellowthroat - 

Northern Or io l e  6 

Brown-headed Cowbird 11 

Blue Grosbeak 2 

House Finch - 

Abert Towhee 15 

D ,  burned i n  Gambel Quail  
1973 

White-winged Dove 

Mourning Dove 

Roadrunner 

Lesser  Nighthawk 

Common F l i cke r  

G i l a  Woodpecker 

Ladder-backed 
Woodpecker 

Western Kingbird 

Ash-throated 
Flycatcher  

Verdin 

Cactus Wren 
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Table  9-6. ( c o n t . )  

Mockingbird 1 - - 1 

C r i s s a l  Thrasher  - 3 - 3 

Loggerhead S h r i k e  - 3 1 3 

Lucy Warbler 3 6 14 19 

Common Yel lowthroa t  - - 1 - 

Nor thern  O r i o l e  3 15 7 12 

Brown-headed Cowbird 5 17 16 6 4 

Blue Grosbeak 1 5 7 5 

L a z u l i  Bunting - - 1 - 

House F inch  3 1 2 15 

Aber t  Towhee 8 17 2 5 3 8 

* 

S i t e  E (burned i n  S i t e  F 
1959) S p e c i e s  ( u n d i s t u r b e d )  ' 

Gambel Qua i l  15 

Whit e-winged Dove 3 9 

Mourning Dove 8 8 

Yel low-bi l led  Cuckoo 1 

Roadrunner 2 

L e s s e r  Nighthawk 2 

Common F l i c k e r  1 

G i l a  Woodpecker 4 

Ladder-backed Woodpecker 13 

Western Kingbird  - 
Wied Cres ted  F l y c a t c h e r  3 
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Table  9-6. ( c o n t . )  

Spec ies  
S i t e  E (burned i n  S i t e  F 

1959) ( u n d i s t u r b e d )  

Ash-throated F l y c a t c h e r  

Verdin  

Bewick Wren 

Cactus  Wren 

C r i s s a l  Thrasher  

Black- ta i l ed  Gna tca tcher  

Loggerhead S h r i k e  

B e l l  V i r e o  

Lucy Warbler 

Common Yel lowthroa t  

Yellow-breasted Chat 

Northern O r i o l e  

Brown-headed Cowbird 

Summer Tanager 

Blue Grosbeak 

House Finch 

Abert  Towhee 

Song Sparrow 
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Table  9-7. B i rds  observed each year  on s t u d y  s i t e s .  

B i rd  Spec ies  

Study S i t e  

A B C D E F 

Gambel Qua i l  * * * * 
White-winged Dove * * 
Mourning Dove * * * * 
Yellow-bi l led  Cuckoo 

L e s s e r  Nighthawk 

Common F l i c k e r  

G i l a  Woodpecker 

Ladder-backed Woodpecker * 
Wied Cres ted  F l y c a t c h e r  

Ash-throated F l y c a t c h e r  ~t 

Verdin  

Bewick Wren 

C r i s s a l  Thrasher  

B l a c k - t a i l e d  Gna tca tcher  

Lucy Warbler * 
Common Yel lowthroa t  

Yellow-breasted Chat 

Northern O r i o l e  

Brown-headed Cowbird 

Summer Tanager 

Blue Grosbeak 
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Tab le  9-7. ( c o n t . )  

Study S i t e  

Bird  Spec ies  A B C D E F 

House Finch 

Aber t  Towhee 

Song Sparrow 
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Table 9-8. Avian population characteristics of study sites. 

Year Density Daily energy 
following (birds/ expenditure 

Study site burn Species richness 40 ha) (kJl40 ha) 
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Areas A th rough  D added t h r e e  t o  seven s p e c i e s  (mean = 5.5) d u r i n g  t h e  
second summer and l o s t  one o r  two (mean = 1 .5)  of t h e  s p e c i e s  t h a t  had 
been p r e s e n t  t h e  f i r s t  summer. During t h e  t h i r d  summer, a r e a s  A through 
D added an  average of 5.5 s p e c i e s  ( r a n g e  3-8) and l o s t  on0 t o  t h r e e  
(mean = 2.25) s p e c i a s  t h a t  had been p r e s e n t  t h e  p rev ious  year .  The 
average  n e t  i n c r e a s e  i n  s p e c i e s  r i c h n e s s  d u r i n g  t h e  second and t h i r d  
summers was 3.5 s p e c i e s  pe r  s tudy  a r e a .  S i t e  D d i d  n o t  e x h i b i t  a n e t  
i n c r e a s e  i n  s p e c i e s  r i c h n e s s  from t h e  second t o  t h e  t h i r d  summer, 
probably  because  s p e c i e s  r i c h n e s s  had reached a r e l a t i v e l y  h i g h  l e v e l  i n  
t h i s  a r e a  a f t e r  t h e  f i r s t  summer. T h i s  i s  p robab ly  r e l a t e d  t o  t h e  f a c t  
t h a t  s i t e  D developed v e g e t a t i o n a l l y  much more r a p i d l y ,  e s p e c i a l l y  w i t h  
r e s p e c t  t o  v a r i a b l e s  most a s s o c i a t e d  w i t h  s p e c i e s  r i c h n e s s  ( T a b l e s  
9:2-4), t h a n  s i t e s  A-C. 

Species  a d d i t i o n s  fol lowed a s i m i l a r  p a t t e r n  on t h e  f o u r  r e c e n t l y  burned 
s i t e s .  A l a r g e  s p e c i e s  of woodpecker (Common F l i c k e r  o r  Gila 
Woodpecker) was added d u r i n g  t h e  second ( a r e a  B) o r  t h i r d  summer ( a r e a s  
A ,  C, D), i n  a d d i t i o n  t o  a p a i r  of smal l  i n s e c t i v o r e s  i n  t h e  t h i r d  
summer -- Black- ta i l ed  Gna tca tcher  and Bewick Wren i n  a r e a  A ,  
Black- ta i l ed  Gna tca tcher  and Bewick Wren i n  area By Black- ta i l ed  
Gnatcatcher  and Common Yel lowthroat  i n  a r e a  C ,  and Black- ta i l ed  
Gnatcatcher  ( y e a r  two) and Common Yel lowthroa t  i n  a r e a  D. 

During t h e  f o u r t h  summer t h e  t r e n d  toward i n c r e a s e d  s p e c i e s  r i c h n e s s  was 
reversed ;  t h r e e  t o  f i v e  s p e c i e s  were l o s t  (mean = 3.75) ,  and none t o  two 
(mean = 1.25) were g a i n e d ,  f o r  an average n e t  d e c r e a s e  of 2.5 s p e c i e s  
p e r  a r e a .  Th is  d e c r e a s e ,  though n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  w a s  
n o n e t h e l e s s  n o t a b l e  because  of i t s  c o n s i s t e n c y .  No such d e c r e a s e  
occur red  i n  a r e a  E, which averaged 21 s p e c i e s  d u r i n g  t h e  summers of 
1976-1979. 

The i n c r e a s e  i n  b i r d  s p e c i e s  r i c h n e s s  d u r i n g  t h e  f i r s t  t h r e e  y e a r s  
( p a r t i c u l a r l y  i n  a r e a s  A through C) was s t r o n g l y  c o r r e l a t e d  w i t h  
i n c r e a s i n g  FHD v a l u e s  (Tab le  9-8). There was no change i n  FHD i n  t h e  
f o u r t h  summer i n  a r e a s  A, C ,  and D ,  a l though  t h e  FHD of a r e a  B con t inued  
t o  i n c r e a s e .  I n t e r e s t i n g l y  enough, a s  noted above,  s p e c i e s  r i c h n e s s  
v a l u e s  d e c l i n e d  compared t o  t h e  t h i r d  year .  

Numbers of b i r d s  pe r  40 h a  were n o t  a s  s t r o n g l y  r e l a t e d  t o  changing 
FHD's a s  were s p e c i e s  r i c h n e s s  t o t a l s  ( r  = 0.64 v s .  0 . 8 0 ) ,  nor  were t h e  
t r e n d s  a s  c o n s i s t e n t .  Area A reached i t s  h i g h e s t  l e v e l  of b i r d  d e n s i t y  
i n  t h e  t h i r d  y e a r  (232 b i r d s ) ,  d e c r e a s i n g  by 96 i n d i v i d u a l s  p e r  40 ha i n  
t h e  f o u r t h  y e a r  (Tab le  9-8). D e n s i t i e s  i n  a r e a  B were v i r t u a l l y  
i d e n t i c a l  d u r i n g  t h e  f i r s t ,  second,  and f o u r t h  summers, averag ing  116 
b i r d s  per  40 ha .  The peak d e n s i t y  observed d u r i n g  t h e  t h i r d  summer was 
o n l y  57 b i r d s  p e r  40 ha  more than  had been observed p rev ious ly .  No 
marked changes i n  b i r d  d e n s i t y  occur red  i n  s i t e  C d u r i n g  t h e  f o u r  
summers, t h e  g r e a t e s t  change o c c u r r i n g  a f t e r  t h e  f i r s t  summer when 44 
b i r d s  pe r  40 h a  were added. However, d e n s i t y  i n  a r e a  D i n c r e a s e d  each 
summer, from a low of 69 b i r d s  p e r  40 ha  t h e  f i r s t  y e a r  t o  an e s t i m a t e d  
308 b i r d s  p e r  40 ha  i n  year  f o u r ,  a t o t a l  h i g h e r  t h a n  t h a t  observed i n  
a r e a s  E and F (Tab le  9-8). 
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Est imates  of DEE exh ib i t ed  the  same p a t t e r n s  demonstrated by d e n s i t y  
va lues  (Table 9-8). There were seve ra l  s i t u a t i o n s ,  however, i n  which 
the  avifauna of a  p a r t i c u l a r  s i t e  during a  p a r t i c u l a r  year  expended 2000 
t o  7000 more U's than i n  o the r  a r eas  ( o r  the  same s i t e  i n  a  d i f f e r e n t  
year)  possessing d e n s i t i e s  s i m i l a r  to  o r  g r e a t e r  than i t s  own. Peak 
DEE'S occurred i n  a r e a s  A and B during t h e  t h i r d  summer (19,011 and 
13,828 k J ' s ,  r e spec t ive ly )  and i n  a r eas  C and D t h e  fol lowing year  
(11,467 and 21,311 k J ' s ,  r e s p e c t i v e l y ) .  DEE was g r e a t e s t  i n  a r e a  F  
(28,364 k J 8 s ;  Table 9-8). 

Analysis 

The n u l l  hypothes is ,  t h a t  no r e l a t i o n s h i p  e x i s t e d  between FHD and 
spec i e s  r i chness ,  d e n s i t y ,  o r  DEE, was r e j e c t e d  f o r  a l l  t h r e e  v a r i a b l e s .  
The c o r r e l a t i o n  c o e f f i c i e n t  f o r  each was s i g n i f i c a n t  a t  t h e  1% l e v e l  (df 
= 16; r = 0.80, 0.64, and 0.70 f o r  spec i e s  r i c h n e s s ,  d e n s i t y ,  and DEE, 
r e spec t ive ly ) .  It should be noted,  however, t h a t  s i g n i f i c a n c e  merely 
i n d i c a t e s  l i n e a r  r e l a t i o n s  wi th  nonzero s lopes .  The r's from above 
indj-cate t h a t  36, 59, and 51% of t he  observed v a r i a t i o n  of t h e  t h r e e  
dependent v a r i a b l e s  were not  explained through t h e i r  r e s p e c t i v e  
r e l a t i o n s h i p s  with FHD. 

Other parameters of t he  p l a n t  community were a l s o  h igh ly  s i g n i f i c a n t l y  
co r r e l a t ed  wi th  the  th ree  a t t r i b u t e s  of t h e  av i fauna  under cons ide ra t ion  
(Table 9-9). However, d e s c r i p t i v e  s t a t i s t i c s  i nd ica t ed  t h a t  t h r e e  of 
the  v a r i a b l e s  were no t  normally d i s t r i b u t e d .  These v a r i a b l e s  (HCT, FDT, 
AGE) were the re fo re  excluded from m u l t i l i n e a r  r eg re s s ion  ana lys i s .  The 
equat ions a l s o  excluded a l l  h ighly  c o r r e l a t e d  (r>0.8) - and a s soc i a t ed  
independent v a r i a b l e s .  

The equat ion f o r  spec ies  r i chness ,  

lnSpecies  Richness = 2.997 + ln(HCS + 1)(0.283) + ln(FDC + 1)(0.751) + 
ln(FDG + I)(-1.131) + I n  ([HCC010] + I)(-0.369) 

(F = 8.09, df = 4 and 13, P<0.002), explained 71% of t h e  observed 
v a r i a t i o n .  

Seven X v a r i a b l e s  were s i g n i f i c a n t l y  c o r r e l a t e d  wi th  d e n s i t y  of b i r d s  
(Table 9-9). One of t he  usable  v a r i a b l e s ,  f o l i a g e  d e n s i t y  i n  t he  shrub 
l aye r  (FDS), was more s t rong ly  co r r e l a t ed  ( r  = 0.80) than  was FHD ( r  = 
0.64). The s o r t i n g  of the  v a r i a b l e s  i n  t he  mul t ip l e  r eg re s s ion  a n a l y s i s  
r e su l t ed  i n  an equat ion expla in ing  73% of the  observed v a r i a t i o n .  Four 
of t he  measures were incorporated:  

( F  = 8.67, df = 4 and 13,  P<0.001). 

The t h i r d  dependent v a r i a b l e ,  DEE, was even more p r e d i c t a b l e  v i a  
mu l t ip l e  regress ion  than was spec ies  r ichness  o r  d e n s i t y  of b i rds .  Due 
t o  t he  ex is tence  of poss ib ly  i n t e r r e l a t e d  X v a r i a b l e s ,  s e v e r a l  
combinations of t he  p l an t  community measures r e s u l t e d  i n  equat ions  
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Table 9-9. Corre la t ions  of av ian  community parameters and p l a n t  
community measures. Abbreviations a s  i n  Tables  9:l-5. NTC 
= average number of cottonwood and willow t r e e s / h a .  * = 5% 
l e v e l  of s ign i f i cance ;  ** = >1% l e v e l  of s ign i f i cance .  - 
i n d i c a t e s  nega t ive  c o r r e l a t i ~ n s .  

P l an t  community measure Species  r i chness  Density DEE 

HCG 
HC S 
HCT 
HCC 
FDG 
FDS 
FDT 
FDC 
FHD 
AGE 
NTC 
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e x p l a i n i n g  s i m i l a r  p e r c e n t a g e s  of t h e  observed v a r i a t i o n  of a v i a n  
community energy e x p e n d i t u r e .  Of t h e s e ,  

exp la ined  82% of t h e  v a r i a t i o n  ( r 2  = 0.82, F = 10.89, df = 5 and 12,  
P<0.0004). 

Success ive  b reed ing  season i n c r e a s e s  a n d / o r  d e c r e a s e s  i n  DEE were 
s u c c e s s f u l l y  p r e d i c t e d ,  a s  were t h e  r e l a t i v e  p o s i t i o n s  of t h e  s t u d y  
s i t e s  w i t h  each o t h e r .  The v a r i a b l e  NTC e x p l a i n e d  on ly  1% of t h e  
v a r i a t i o n ,  t h e  minimum c o n t r i b u t i o n  allowed f o r  t h e  purpose of t h i s  
s tudy .  

DISCUSSION 

P a t t e r n s  of b i r d  s p e c i e s  r i c h n e s s  and d e n s i t y  have been s t u d i e d  i n  some 
dep th  ( Johns ton  and Odum 1956, MacArthur and MacArthur 1961, Pianka 
1966, Terborgh 1967, Balda 1967, 1975, MacArthur 1975).  F a c t o r s  
producing t h e s e  p a t t e r n s  have been i n t e r p r e t e d  i n  terms of community 
a g e ,  s t r u c t u r a l  complexi ty  of v e g e t a t i o n ,  l a t i t u d e ,  e l e v a t i o n ,  p l a n t  
s p e c i e s  d i v e r s i t y ,  r e s o u r c e  a v a i l a b i l i t y ,  and c l i m a t i c  h a r s h n e s s .  The 
s t r u c t u r a l  complexi ty  a g e n t  h a s  been most i n t e n s i v e l y  examined, 
p a r t i c u l a r l y  by means of comparing a v i f a u n a s  i n  t h e  d r a m a t i c a l l y  a l t e r e d  
h a b i t a t  c h a r a c t e r i s t i c  of secondary s u c c e s s i o n a l  s t a g e s  (Lack 1933, Odum 
1950, Johns ton  and Odum 1956, Karr  1968, F e r r y  and Frocho t  1970, Shugar t  
and James 1973, Glowacinski and J a r v e n i n  1975, Bock e t  a l .  1978).  

We b e l i e v e  t h e  f a c t o r s  invo lved  i n  t h e  p roduc t ion  ~f  a v i a n  community 
c h a r a c t e r i s t i c s  i n  t h e  a r e a  s t u d i e d  can be p a r t l y  i d e n t i f i e d ,  i f  n o t  
f u l l y  comprehended. But f i r s t  some thoughts  r e l a t e d  t o  o t h e r  f a c t o r s  
p o s s i b l y  a f f e c t i n g  t h e  a v i a n  community w i l l  be d i s c u s s e d .  

C l i m a t i c  I n f l u e n c e  

The numbers of i n d i v i d u a l s  i n  t h e  d i f f e r e n t  s p e c i e s  of an  a v i f a u n a  
change. Various b i o t i c  and a b i o t i c  f o r c e s  have b e m  proposed a s  t h e  
a g e n t s  c o n t r o l l i n g  b i r d  community s t r u c t u r e .  The e f f o r t  t o  unders tand  
t h e  p o p u l a t i o n  f l u c t u a t i o n s  of a v i a n  g u i l d s  o r  communities h a s  been 
examined by numerous workers and has  r e s u l t e d  i n  rnany t h e o r i e s  
a t t e m p t i n g  t o  e x p l a i n  t h e  s t r u c t u r e s  t h e r e i n .  One of t h e s e  t h e o r i e s  
s u g g e s t s  t h a t  changes i n  b reed ing  b i r d  p o p u l a t i o n s  o c c u r r i n g  i n  t h e  same 
a r e a  between y e a r s  may n o t  be r e l a t e d  t o  changing v e g e t a t i o n  
c h a r a c t e r i s t i c s  b u t ,  r a t h e r ,  t o  c o n d i t i o n s  e x i s t i n g  d u r i n g  t h e  
nonbreeding season  ( F r e t w e l l  1972).  S p e c i f i c a l l y ,  t h e  p o s t u l a t e  h o l d s  
t h a t  compet i t ion  f o r  food i s  t h e  pr imary f o r c e  shaping w i n t e r  a v i a n  
p o p u l a t i o n s ,  and t h a t  t h i s  f o r c e  is  l e s s e n e d  a s  c l i m a t i c  f a c t o r s  
a m e l i o r a t e ,  the reby  reduc ing  c o m p e t i t i v e  i n t e r a c t i o n s  and i n c r e a s i n g  
s u r v i v o r s h i p .  T h e o r e t i c a l l y ,  u n u s u a l l y  mi ld  w i n t e r s  should  permi t  
h i g h e r  r a t e s  of s u r v i v a l  d u r i n g  t h e  nonbreeding s e a s o n ,  r e s u l t i n g  i n  
h i g h e r  popula t ion  l e v e l s  d u r i n g  t h e  fo l lowing  b r e e d i n g  season.  
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A rough check for such climatic influences was possible as a result of 
the study design. Initiation of study in the four most recently burned 
sites was staggered (first-summer data were obtained in 1976 for areas A 
and B, in 1975 for area C, and in 1974 for area D), making possible the 
comparison of within-year as well as between-year trends. Population 
data from the study sites during the same calendar year revealed that 
during the summer of 1977, bird density increased in areas A and D by 
23% and 107 birds per 40 ha from the previous summer, and that areas A, 
By C, and E increased in density by 140, 57, 20, and 51 birds per 40 ha, 
respectively, during the summer of 1978. Both of the winters preceding 
these two summers were milder than normal, particularly the winter of 
1977-78, when the minimum daily temperature averaged about seven degrees 
warmer (OF) than the 30-year norm (Sellers and Hill 1974). The observed 
population changes lend support to Fretwell's (1972) hypothesis. Data 
from areas similar in vegetation structure but which had not been burned 
serve as controls and confirm this interpretation. 

The climatic explanation of population control may not apply, however, 
for the following reasons: (1) not all of the study sites exhibited 
population increases during the summers referred to above (area By year 
2; area C, year 3), and (2) nonresident breeding species (44% of the 
species richness totals) accounted for seemingly inordinate percentages 
of the observed population increases. Nonresident birds accounted for 
an average of 53% of the population increase observed during the summer 
of 1978 (in areas A, B y  C, D, E), 100% of the increase observed in area 
A in 1977, and 70% of the increase observed in 1977 in area D. 
Differences in breeding densities may well reflect winter survival, but 
resident species should be more affected than the migratory breeding 
contingent. It seems more logical that the birds were responding to 
changing characteristics of the vegetation, and in fact the asynchronous 
nature of the study did result in consistent or readily explainable 
population levels during the various stages of redevelopment examined. 

Habitat Measures 

Few studies have addressed the subject of habitat selection through the 
use of more than one habitat variable, a situation producing 
observations in conflict with predictions, or observations which fit 
habitat measures of limited applicability (Balda 1975). Some workers 
have reported avian biomasses or densities in grassland, shrub, and 
forest seres that remained unchanged or actually decreased in the later 
stages of succession, these measures acting independently of species 
diversity indices (Willson 1974, Zimmerman and Tatschl 1975). Studies 
in other areas have revealed closer correlations between species 
richness, density, and succession, as has the present study. But later 
plant community stages or habitats in which decreases in avian 
population characteristics occurred have been observed as well (Adams 
1908, Odum 1950, Johnston and Odum 1956, Ferry and Frochot 1970, Milne 
1974, Meslow and Wight 1975, Bock et al. 1978). It is possible that in 
all of these situations some of the same circumstances or principles 
have prevailed, resulting in population reductions. 

Specifically, it appears that subtle shifts in the amount and percentage 
of vegetation in different layers, and in the horizontal complexity of 
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f o l i a g e ,  r ep re sen t  the primary f a c t o r s  in f luenc ing  use by b i r d  
populat ions i n  t he  lower Colorado River v a l l e y .  Measures of f o l i a g e  
he ight  d i v e r s i t y  a r e  unaffected by the  r e l a t i o n s h i p  of t he  d i s t r i b u t i o n  
of f o l i a g e ;  but i t  is  t h i s  r e l a t i o n s h i p  (obscured i n  FHD va lues )  t h a t  i s  
important.  For example, b i r d  spec i e s  r i chness  was h ighly  nega t ive ly  
c o r r e l a t e d  wi th  increas ing  f o l i a g e  dens i ty  and h o r i z o n t a l  complexity i n  
t he  lowest f o l i a g e  l a y e r  measured i n  t h i s  s tudy.  Species r i chness  was 
h ighly  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  f o l i a g e  d e n s i t y  i n  t h e  in te rmedia te  
o r  shrub l a y e r  and s i g n i f i c a n t l y  c o r r e l a t e d  wi th  f o l i a g e  dens i ty  i n  t h e  
t r e e  l a y e r  (Table 9-9). 

Dens i t ies  and d a i l y  energy expenditures  of breeding b i r d  popula t ions  
exhib i ted  more r e a d i l y  observed r e l a t i o n s  than d id  spec i e s  r i c h n e s s ,  
r e s u l t i n g  i n  more accu ra t e  p red ic t ions .  Perhaps spec i e s  r i chness  
e s t ima te s  were more g r e a t l y  a f f e c t e d  by i n t e r s p e c i f i c  i n c o m p a t i b i l i t i e s ,  
s p e c i f i c  responses t o  nuances of vege ta t ion  s t r u c t u r e ,  c l ima te ,  o r  
behaviora l  unknowns. Regardless ,  t he  r e l a t i o n s h i p  between the  dependent 
v a r i a b l e s  ( d e n s i t y  and DEE) and t h e  f o l i a g e  measures was such t h a t  i n  
two a reas  having s i m i l a r  FHD's and f o l i a g e  volumes, t he  a r e a  with t h e  
g r e a t e r  percentage of f o l i a g e  i n  the  shrub l a y e r  would have the  g r e a t e r  
av ian  dens i ty  o r  DEE. None of t he  f o l i a g e  m e a s y e s  employed i n  t h i s  
study emerged a s  a  c r i t e r i o n  supe r io r  t o  FHD i n  p red ic t ing  b i rd  spec i e s  
r ichness .  Bird dens i ty  and DEE f l u c t u a t e d  independently of spec i e s  
r i chness ,  i n  response t o  d i f f e r e n t  parameters of t h e  p l a n t  community 
than those a f f e c t i n g  spec ies  r ichness .  Despi te  co inc iden ta l  
c o r r e l a t i o n s  of dens i ty  and DEE wi th  FHD, the  measures of dens i ty  and 
DEE were more s t rong ly  a f f e c t e d  by f o l i a g e  volume o r  complexity i n  
d i f f e r e n t  l aye r s .  

Species-Specif ic  Responses 

Avian preference f o r  a  c e r t a i n  breeding l o c a l i t y  (and winter ing  
l o c a l i t y )  has been demonstrated under changing environmental cond i t i ons  
r e s u l t i n g  i n  d r a s t i c a l l y  a l t e r e d  h a b i t a t s  (Evans 1978) .  Three spec i e s  
no t  observed wi th in  the  in te rmedia te  s t a g e  ( a r e a  E) t h a t  inhabi ted  t h e  
mature a r ea  (F) each summer were present  i n  t he  most r ecen t ly  d i s tu rbed  
s i t e s  ( A  through D). S i t e  t e n a c i t y  cannot be p o s i t i v e l y  ru l ed  o u t ,  bu t  
two l i n e s  of evidence suggest t h a t  s i t e  preference  was not  r e spons ib l e  
f o r  these  occurrences.  Most important ,  none of t h e  spec i e s  (Bewick 
Wren, Common Yellowthroat ,  Song Sparrow) was de tec ted  i n  s i t e s  A through 
D during the  f i r s t  summer a f t e r  d i s turbance .  In a d d i t i o n ,  these  t h r e e  
spec i e s  a r e  most t y p i c a l l y  observed wi th in  the  g r a s s  and shrub l a y e r  of 
a r e a  F, r e in fo rc ing  the  thought t h a t  t h e i r  occurrence during the  e a r l y  
s t ages  of recovery was i n  response t o  s t r u c t u r a l  a t t r i b u t e s  of the  p l a n t  
community. The presence of the  Song Sparrow and Common Yellowthroat 
a l s o  may have been due i n  p a r t  t o  t h e  presence of water ,  a l though i n  
some of t he  a r eas  the  nea re s t  known water was a t  l e a s t  320 m (1050 f t )  
from the  censused area .  

I n  considering t h e  responses of s p e c i f i c  spec i e s  o r  gu i ld s  of b i r d s  
a f t e r  d i s turbance  by f i r e ,  dramatic i nc reases  i n  avian d e n s i t i e s  
( p a r t i c u l a r l y  woodpeckers) i n  t he  e a r l y  years  of vege ta t ion  recovery 
have been reported (Blackford 1955). Evident ly t hese  inc reases  i n  av i an  
d e n s i t i e s  have occurred a s  a  r e s u l t  of i n s e c t  i n f e s t a t i o n s  i n  dead o r  
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weakened t r e e s ,  a  phenomenon observed d u r i n g  t h e  course  of t h i s  s t u d y  
but  n o t  q u a n t i f i e d .  Est imated woodpecker d e n s i t i e s  were q u i t e  low i n  
a r e a s  A through D ( T a b l e  9-6). On on ly  one o c c a s i o n ,  whi le  we were 
c o l l e c t i n g  i n  a burned l o c a l i t y  a d j a c e n t  t o  area D ,  d i d  w e  obse rve  a  
l a r g e  mixed-species f l o c k  of woodpeckers f o r a g i n g  among t h e  blackened 
and damaged remains of a  mesqui te  bosque. T h i s  would i n d i c a t e  t h a t  
woodpeckers do a t  l e a s t  o c c a s i o n a l l y  congrega te  i n  burned a r e a s  of t h e  
lower Colorado River  v a l l e y ,  b u t  t h e y  a r e  perhaps  n o t  a s  common d u r i n g  
t h e  b reed ing  s e a s o n ,  o r  a t  l a t e r  t i m e s  of t h e  day t h a n  when census ing  
was conducted.  At any r a t e ,  a l a r g e  s p e c i e s  of woodpecker ( G i l a  
Woodpecker o r  Common F l i c k e r )  was added t o  t h e  a v i f a u n a  of each  of t h e  
f o u r  most r e c e n t l y  d i s t u r b e d  s i t e s  d u r i n g  t h e  second o r  t h i r d  summer, 
on ly  t o  d i s a p p e a r  t h e  nex t  b reed ing  season.  Var ious  f a c t o r s  may have 
i n t e r a c t e d  t o  produce such o b s e r v a t i o n s .  S i n c e  l a r g e  woodpeckers were 
n o t  c o n s i s t e n t l y  observed i n  s i t e s  A th rough  D ,  i t  must be presumed t h a t  
a t  l e a s t  p a r t  of t h e  reason  was because of i n a p p r o p r i a t e  v e g e t a t i o n  
s t r u c t u r a l  c h a r a c t e r i s t i c s .  The p resence  of a  temporary superabundance 
of food ( i . e . ,  woodboring b e e t l e s  o r  t h e i r  l a r v a e )  may o v e r r i d e  such 
drawbacks, r e s u l t i n g  i n  an a s s o c i a t i o n  of b i r d s  t h a t  would n o t  o t h e r w i s e  
be expected.  

I f  our o b s e r v a t i o n s  and d a t a  c o n s t r u c t  a t r u e  r e f l e c t i o n  of what 
a c t u a l l y  o c c u r r e d ,  t h e n  it would appear  t h a t  perhaps  two y e a r s  were 
r e q u i r e d  f o r  l a r g e  numbers of b e e t l e s  t o  become e s t a b l i s h e d .  During 
t h i s  same p e r i o d  of t ime a  p r o g r e s s i v e l y  s m a l l e r  number of dead l imbs  
and t r u n k s  remained each summer because of h i g h  winds and o t h e r  f a c t o r s .  
Th i s  may have reduced s u i t a b l e  f o r a g i n g  s u b s t r a t e  o r  p o t e n t i a l  c a v i t y  
n e s t  s i t e s  t o  t h e  p o i n t  where e x p l o i t a t i o n  of t h e  i n c r e a s e d  food supply 
was no l o n g e r  p r o f i t a b l e .  U n f o r t u n a t e l y ,  food-supply and snag-densi ty  
d a t a  were n o t  c o l l e c t e d  i n  our s t u d y  a r e a s .  

Two s p e c i e s  would appear  t o  q u a l i f y  a s  burn s p e c i a l i s t s  i n  t h e  lower 
Colorado River  v a l l e y :  t h e  Ind igo  Bunting and t h e  L a z u l i  Bunting.  
These s p e c i e s  were observed only  d u r i n g  t h e  e a r l y  s t a g e s  of recovery .  
Typica l  h a b i t a t  f o r  t h e s e  bun t ings  has  been d e s c r i b e d  v a r i o u s l y  a s  
"brush,  sp rou t land"  and "burns" ( P e t e r s o n  1969) ,  a p t  d e s c r i p t i o n s  of 
s i t e s  A th rough  D. The Blue Grosbeak ( a n  overgrown b u n t i n g ) ,  a l t h o u g h  
one of t h e  n i n e  most c o n s i s t e n t l y  observed s p e c i e s ,  n e v e r t h e l e s s  
occur red  i n  g r e a t e s t  numbers i n  t h e  most r e c e n t l y  burned s i t e s .  The 
presence of t h e  Ind igo  and L a z u l i  bun t ings  and t h e i r  c o n t r i b u t i o n  t o  
s p e c i e s  r i c h n e s s ,  d e n s i t y ,  o r  DEE t o t a l s ,  however, a r e  r a t h e r  l i m i t e d ,  
n o t  a f f e c t i n g  any of t h e  t r e n d s  o r  r e l a t i o n s h i p s  t h a t  would e x i s t  
o the rwise .  

The occur rence  of a  number of t h e  remaining 27 a v i a n  s p e c i e s  d e t e c t e d  on 
t h e  s t u d y  si tes can  be understood i n  s imple  mechanical  terms. The two 
s p e c i e s  of doves ,  f o r  example, a r e  n e s t i n g  s p e c i a l i s t s .  Dense 
v e g e t a t i o n  between 1.5 and 6 m i s  r e q u i r e d  f o r  occur rence  of h i g h  
d e n s i t i e s  of White-winged and Mourning doves (Anderson and Ohmart 
l977a) .  

Cav i ty -nes t ing  s p e c i e s  a r e  s l i g h t l y  more complex b u t  b a s i c a l l y  f a l l  i n t o  
two groups:  primary and secondary c a v i t y  n e s t e r s .  Primary c a v i t y  
n e s t e r s  (woodpeckers) excava te  t h e i r  own n e s t  s i t e s ,  whereas secondary 
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cavity nesters use previously existing sites. Woodpeckers require nest 
trees of suitable size. As the number of potential nest sites 
increases, woodpecker densities increase. An average of about six 
woodpeckers occurred in the most recently disturbed sites, compared with 
18 in area E and 47 in the most mature area (I?; Table 9-6). A yearly 
average of about 23 secondary cavity nesters in areas A, B y  C, and D 
compared more favorably with the more mature areas E and F, which each 
supported approximately 30 secondary cavity nesters (Table 9-6). The 
proportion of the secondary cavity-nesting population made up of the 
tiny Lucy Warbler was greatest in areas A through D (mean = 47%), 
whereas this species was a mere 6% of the total secondary cavity-nesting 
population in area F. If secondary cavity nesters are considered a 
guild, it appears that they respond more strongly to an area in terms of 
nest site availability than do primary cavity nesters (see the account 
for Wied Crested Flycatcher in Phillips et al. 1964). In other words, a 
burned area will continue to support a greater percentage of secondary 
cavity nesters than primary cavity nesters, indicating that vegetation 
structure is more important to primary cavity nesters such as 
woodpeckers, than it is to secondary cavity nesters. In summary, the 
long-term effects of disturbance upon cavity-nesting species are: (1) 
reduced densities and species richness of primary cavity-nesting 
species; (2) reduced diversity of secondary cavity nesters; (3) reduced 
overall density of secondary cavity-nesting species, but to a lesser 
degree than that of primary cavity nesters; and (4) reduced average body 
size of secondary cavity nesters. 

Another common riparian species, the Crissal Thrasher, was not 
consistently observed in the most recently burned areas. This species 
is found in shrubby areas with well-developed deposits of leaf litter. 
After these areas burned, suitable substrate for foraging was greatly 
reduced, thus depressing the level of occurrence of the Crissal 
Thrasher. 

In conclusion, it would appear that those of us interested in predicting 
levels of species occurrence are still far from unifying thoughts and 
approaches into a formula of widespread palatability or practicability. 
The basic ingredients in the lower Colorado River valley are the nine 
avian species found in the cottonwood-willow-salt cedar community, whose 
numbers vary with different vegetational structural characteristics. 
Additional more restricted species include low-foliage inhabitants 
(e.g., Bewick Wren, Common Yellowthroat, Song Sparrow) and upper-canopy 
dwellers (e.g., Yellow-billed Cuckoo and Summer Tanager), species whose 
presence is closely tied to the occurrence of vegetation in specific 
layers (Anderson and Ohmart 1977b). The remaining species constitute a 
reservoir which makes up the balance of the avifauna. 

Avian species richness, density, and daily energy expenditure can be 
predicted fairly precisely (r2 = 0.71, 0.73, 0.82, respectively), but 
the composition of the avifauna, whether the result of competition, 
response to specific ecological conditions, or pure chance, cannot be 
determined by the plant community attributes quantified in this study. 
Correlations between these attributes and variation of avian community 
parameters cannot be construed as evidence of causality. Identification 
of factors responsible for the occurrence of any species at any location 
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must come from o t h e r  s o u r c e s ,  such a s  s t u d i e s  r e l a t i n g  t h e  s t r u c t u r a l  
complexi ty  of a r e a s  t o  a c t u a l  use  by s p e c i f i c  s p e c i e s  (Balda 1975).  
These s o r t s  of d a t a  w i l l  be r e q u i r e d  i f  d e s i g n e r s  and managers of 
w i l d l i f e  s a n c t u a r i e s  a r e  t o  d e a l  s u c c e s s f u l l y  and p r a g m a t i c a l l y  w i t h  
s p e c i e s  packing and community assembly problems,  o r  i f ,  i n  an  
ever - shr ink ing  n a t u r a l  wor ld ,  we hope t o  d u p l i c a t e  o r  improve upon 
e x i s t i n g  p l a n t  communities v i a  manipu la t ion  o r  t h e  c r e a t i o n  of new 
h a b i t a t s .  

SUMMARY 

Seeming c o n t r a d i c t i o n s  between expected a v i a n  c o m u n i t y - h a b i t a t  
r e l a t i o n s h i p s  and observed parameters  have prompted widespread e f f o r t s  
t o  determine t h e  f e a t u r e s  used by b i r d s  i n  h a b i t a t  s e l e c t i o n .  It was 
argued t h a t  t h e  i d e n t i f i c a t i o n  of v e g e t a t i o n  complexi ty  components 
a f f e c t i n g  a v i a n  communities can b e s t  be made when o b s e r v a t i o n s  a r e  
l i m i t e d  t o  t h e  same p l a n t  community. T h i s  procedure  was observed i n  
documenting t h e  b i r d s  found i n  burned r i p a r i a n  v e g e t a t i o n .  Nine f o l i a g e  
measures ,  i n  a d d i t i o n  t o  age ( i n  summers s i n c e  d i s t u r b a n c e )  and number 
of b road lea f  t r e e s ,  were used t o  c h a r a c t e r i z e  s i x  s t u d y  s i tes  i n  t h e  
cottonwood-willow-salt cedar  community. Data were o b t a i n e d  f o r  t h e  f o u r  
most r e c e n t l y  d i s t u r b e d  s i t e s  dur ing  f o u r  c o n s e c u t i v e  summers. The d a t a  
were i n t e r p r e t e d  a s  i n d i c a t i n g  t h a t  observed s p e c i e s  r i c h n e s s  t o t a l s  
r e s u l t e d  p r i m a r i l y  as a response  t o  FHD, whereas a v i a n  d e n s i t y  and d a i l y  
av ian  community energy e x p e n d i t u r e  (DEE) were more s t r o n g l y  r e l a t e d  t o  
and a f f e c t e d  by such v e g e t a t i o n  a t t r i b u t e s  a s  f o l i a g e  d e n s i t y  o r  
complexi ty  i n  t h e  shrub l a y e r .  M u l t i p l e  r e g r e s s i o n  a n a l y s i s  r e s u l t e d  i n  
a h i g h e s t  r2 (0 .94)  f o r  DEE, i n d i c a t i n g  p o s s i b l e  food r e s o u r c e  
l i m i t a t i o n  of t h e  av i fauna .  Rapid tu rnover  of b i r d  s p e c i e s ,  
c h a r a c t e r i s t i c  of many redeve lop ing  p l a n t  communities,  was n o t  observed.  
An assemblage of n i n e  b i r d  s p e c i e s ,  i n h a b i t i n g  a l l  of t h e  s t u d y  s i t e s  
d u r i n g  t h e  f i r s t  summer a f t e r  burning o c c u r r e d ,  remained throughout  
s u c c e s s i v e  s t a g e s .  Addi t iona l  s p e c i e s  were added a s  t h e  a v i f a u n a  
responded t o  t h e  redeve lop ing  p l a n t  community, b u t  more d a t a  w i l l  be 
needed t o  p r e d i c t  t h e  occur rence  of most of t h e  a d d i t i o n a l  27 s p e c i e s  
observed.  

MANAGEMENT RE COMMENDAT IONS 

A number of management recommendations can be made, b u t  t h e i r  
f e a s i b i l i t y  and p r a c t i c a l i t y  remain t o  be determined.  

1. Cont ro l l ed  burning.  Th is  t o o l  has  been used e f f e c t i v e l y  f o r  
w i l d l i f e  management purposes  i n  n a t i o n a l  f o r e s t s .  It h a s  p o t e n t i a l  i n  
s a l t  cedar  communities a long t h e  lower Colorado River  where r i v e r  
management h a s  e s s e n t i a l l y  e l i m i n a t e d  f l o o d i n g .  Flood w a t e r s  c a r r i e d  
t h e  l e a f  l i t t e r  accumulat ions  downstream from t h e  p l a n t  communities,  
which t h e n  reduced t h e  p r o b a b i l i t y  of e x t e n s i v e  s t a n d s  of s a l t  c e d a r  
being burned because  , the  f u e l  ( l i t t e r )  had been removed. C o n t r o l l e d  
burning could be b e n e f i c i a l  t o  both  water  managers and w i l d l i f e .  

I n t u i t i v e l y ,  i t  a p p e a r s  t h a t  young a c t i v e l y  growing sa l t  c e d a r  
communities would have a g r e a t e r  e v a p o t r a n s p i r a t i v e  wa te r  l o s s  t h a n  a 
mature  community w i t h  l i t t l e  u n d e r s t o r y  and a dense  o v e r s t o r y  t o  shade 
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t h e  s o i l  and produce a boundary l a y e r  e f f e c t .  For most spec i e s  of 
w i l d l i f e ,  and c e r t a i n l y  f o r  the  White-winged Dove, t h e  mature s a l t  cedar 
community provides b e t t e r  h a b i t a t  f o r  both foraging  and nes t ing  than 
does a young, developing community. 

S a l t  cedar communities a long t h e  lower Colorado River have a h igh  
p r o b a b i l i t y  of burning about every 12 t o  15 yea r s .  It t akes  about 15 
years  f o r  a newly burned community t o  reach matur i ty .  Consequently, the  
mature community may only e x i s t  f o r  about 2 t o  5 yea r s  before  r een te r ing  
a f i r e  cycle .  The f u e l  which c a r r i e s  the  f i r e  comes from the  annual 
l e a f  drop and the  dea th  of lower limbs a s  t h e  canopy develops t o  shade 
out  the  more h o r i z o n t a l  branches. Af te r  about 12 o r  more y e a r s ,  t h e  
l i t t e r  accumulation i s  more than adequate t o  c a r r y  a f i r e ,  and the  hea t  
produced i s  s u f f i c i e n t  t o  k i l l  t he  cambium i n  the  t runks  of t he  t r e e s .  
F i r e s  a r e  e i t h e r  i n t e n t i o n a l  o r  a c c i d e n t a l ,  but  once t h e  a r e a  burns ,  t he  
roo t  crowns quickly sprout  new branches and the  cyc l e  r epea t s  i t s e l f .  
When willows, mesquites ,  and cottonwoods a r e  mixed wi th  s a l t  cedar  they 
burn a s  wel l .  Willows resprout  f a i r l y  w e l l ,  depending upon t h e i r  
h e a l t h ,  and 80 t o  100% may form new t r e e s .  Some mesquite t r e e s  a l s o  
resprout  from the  roo t  crown, bu t  gene ra l ly  only a few p e r s i s t .  F i r e  
usua l ly  k i l l s  a l l  cottonwoods, which r e s u l t s  i n  a r ap id  e l imina t ion  of 
t h i s  spec ies  from mixed communities t h a t  tend t o  undergo f i r e  cyc les .  

Data a r e  needed on temperatures  t h a t  t h e  cambium i n  t h e  t runks  of 
willows, mesquites ,  and s a l t  cedar  can withstand without  being k i l l e d .  
Once t h i s  is  known, along wi th  the  f u e l l h e a t  product ion f a c t o r ,  then  
these  communities could be control-burned p e r i o d i c a l l y  t o  maintain them 
i n  a mature s tage.  I f  small  groves of cottonwoods were present  they  
could be c l ea red  around t o  prevent  a k i l l i n g  hea t  load.  

It was mentioned previous ly ,  bu t  i t  should be reemphasized, t h a t  water 
and w i l d l i f e  managers would both b e n e f i t  from s a l t  cedar  communities. 
being i n  a mature s t a t e .  Because both would b e n e f i t  from t h i s  a c t i o n ,  
i t  is  incumbent on the  respons ib le  agencies  t o  explore t h i s  management 
recommendation f o r  both water salvage and w i l d l i f e  b e n e f i t s .  Ce r t a in ly  
i t  should be explored before  any cons ide ra t ion  i s  given t o  vege ta t ion  
removal s t r i c t l y  f o r  water  salvage purposes. 

2. F i r e  lanes .  S a l t  cedar communities could be blocked off  i n t o  
manageable-sized u n i t s  by 50-ft f i r e  lanes .  This  would prevent 
extensive a r e a s  from being burned when f i r e s  do occur.  Though t h e  d a t a  
a r e  not  complete on the  responses of t h i s  a c t i o n  t o  w i l d l i f e ,  i t  would 
c e r t a i n l y  be b e n e f i c i a l  t o  some spec i e s ,  and t h e  t r e e  removal i n  t he  
50-ft  l anes  would have some water salvage value.  Once the  c l e a r i n g  
study is completed, a more comprehensive understanding of t he  impacts on 
w i l d l i f e  w i l l  be ava i l ab l e .  

I f  such an ac t ion  were ever  undertaken, we would recommend s e l e c t i v e l y  
removing s a l t  cedar i n  t h e  f i r e  l anes  and leaving  any lone  t r e e s  o r  
clumps of n a t i v e  t r e e s .  I f  f i r e  l anes  were p e r i o d i c a l l y  mowed, t hese  
remaining t r e e s  would present  no problems t o  t h e  mowers, a s  we have 
observed i n  the  case  of t he  I n t e r n a t i o n a l  Boundary and Water 
Commission's a c t i o n  on the  lower Rio Grande Boundary P rese rva t ion  
P ro jec t .  
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O p e r a t i o n a l  enhancement f e a t u r e s  a r e  a l s o  p o s s i b l e  simply by 
r e v e g e t a t i n g  a  narrow s t r i p  of q u a i l  bush a long each  s i d e  of t h e  t r e e  
f r i n g e .  Th is  evergreen  shrub  has  tremendous w i l d l i f e  v a l u e ,  e s p e c i a l l y  
f o r  q u a i l ,  and would enhance t h e  a r e a  f o r  w i l d l i f e ,  F i r e  l a n e s  might 
have t o  be wider ,  b u t  a s t r i p  of q u a i l  bush would o f f s e t  any w i l d l i f e  
l o s s e s  from a  wider c l e a r e d  s t r i p .  The c l e a r e d  a r e a  would a l s o  p rov ide  
growing s i t e s  f o r  annual  p l a n t s ,  which would a l s o  p rov ide  a d d i t i o n a l  
food r e s o u r c e s  f o r  q u a i l ,  o t h e r  a v i a n  g r a n i v o r e s  such a s  doves ,  and 
r o d e n t s .  During f i r e s  t h e  q u a i l  bush would reduce crown f i r e s  t o  lower 
l e v e l s  and would a l s o  reduce t h e  p r o b a b i l i t y  of t h e  f i r e  jumping t h e  
f i r e  l a n e .  The evergreen  n a t u r e  of t h e  shrub would c u r t a i l  t h e  moving 
f i r e .  

The f i r e  l a n e  concept  could  a l s o  be  i n t e g r a t e d  w i t h  t h e  c o n t r o l l e d  burn  
e f f o r t  t o  more e f f e c t i v e l y  manage f i r e s .  Once a  b lock  burned ,  t h e  a r e a  
could  be put under a  c o n t r o l l e d  burning management p lan .  
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Appendix 9-1. Some mean weigh t s  (gms) f o r  i n s e c t i v o r o u s  b i r d s  b reed ing  
i n  t h e  lower Colorado River  v a l l e y a .  n = number of 
specimens. 

Spec ies  Weight n 

American K e s t r e l  b 

Yel low-bi l led  Cuckoo 

Roadrunner 

L e s s e r  Nighthawk 

Common F l i c k e r  

G i l a  Woodpecker 

Ladder-backed Woodpecker 

Western Kingbird  

Wied Cres ted F l y c a t c h e r  

Ash-throated F l y c a t c h e r  

Say Phoebe 

Verdin 

Bewick Wren 

Cactus Wren 

Mockingbird 

C r i s s a l  Thrasher  

Black- ta i l ed  Gna tca tcher  

Loggerhead S h r i k e  

S t a r l i n g  b 

Lucy Warbler 

Common Yel lowthroa t  

Yellow-breasted Chat 

Northern O r i o l e  
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Appendix 9-1. (cont .) 

Species Weight n 

Brown-headed Cowbird 

Summer Tanager 

Blue Grosbeak 

Indigo guntingb sc 

Lazuli ~unting' 

House Finch 

Abert Towhee 

Song Sparrow 

a Weights of specimens collected along lower Colorado River, except 
American Kestrel, Starling, and Indigo and Lazuli buntings. 

b~ata from Stewart and Skinner (1967) .  

C 
Data from Kroodsma (1975) .  
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CHAPTER 10 

LIFE HISTORY AND POPULATION DATA OF SMALL MAMMALS IN RIPARIAN VEGETATION 

INTRODUCTION 

Rodents are an important component in ecosystems in that they are 
relatively numerous, harvest large quantities of seeds and other plant 
parts, consume some insects, and are the prey base for numerous 
carnivores. Population dynamics, reproductive characteristics, and 
behavioral attributes of all organisms are intricately related to their 
food resources. Therefore knowledge of rodent populations is not only 
important in itself, it is also a contribution to the knowledge of 
entire faunal communities. 

This report summarizes small rodent census data from 1974 through 1979 
along the 450 km (275 mi) of the lower Colorado River valley from Davis 
Dam south to the Mexican border. A total of 219,780 trap nights were 
employed in censusing the six riparian vegetation community types. 

The information reported includes: identification of species trapped, 
their numbers and distribution in nine defined divisions of the study 
area, a brief physical description of each species, reproductive 
characteristics, population characteristics, species habitat 
associations, and species movements and home ranges. 

METHODS 

Rodents were sampled on transects in representative riparian vegetation 
of the lower Colorado River valley. See Chapter 2 (Table 2-1) for an 
explanation the vegetation classification system. 

Snap Trapping 

Snap trapping methods are detailed in Chapter 2. The same area was 
never trapped consecutively within a six-week period. Trapping was 
organized so that all structural and vegetation types were sampled on a 
basis proportional to their presence in the valley. 

Capture data were reported on a seasonal basis; winter extended from 
November to March, summer from April to October. Seasonal population 
sizes were determined for the vegetation and structural types by 
averaging the n/270 trap nights for transects sampled within that 
season. 

External measurements and reproductive data were taken for each captured 
rodent. Presence or absence of embryos and their number were noted. 

Live Trapping 

Two hundred Sherman li.ve traps were set 15 m (49 ft) apart for ten 
consecutive nights in March or April 1975 in two Type IV honey mesquite 
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s tands .  Captured animals were toe  cl ipped f o r  i d e n t i f i c a t i o n .  Home 
range a reas  were ca l cu la t ed  according t o  t he  exc lus ive  boundary s t r i p  
method. In a  computer-simulated s tudy of determining home ranges ,  t he  
exc lus ive  boundary s t r i p  method was repor ted  t o  be most accu ra t e  
( S t i c k e l  1954). A boundary s t r i p  equal  i n  width t o  one-half t he  
d i s t a n c e  between t r a p s  was l a i d  off  around the  minimum a r e a  and the  a rea  
enclosed was measured. Home range e s t ima te s  were usua l ly  based on t h r e e  
t o  f i v e  captures .  Van Vleck (1969) s t a t e d  t h a t  t h r e e  t o  t e n  captures  
a r e  commonly used f o r  range e s t ima te s ,  and the  h igher  the  minimum number 
of captures  t he  g r e a t e r  t he  mean s i z e  of the  home range e s t ima te .  He 
suggested t h a t  range e s t ima te s  be repor ted  according t o  t he  number of 
d i f f e r e n t  s t a t i o n s  a t  which an ind iv idua l  w a s  caught ,  a s  w e l l  a s  t h e  
number of i nd iv idua l s  a t  t h a t  many s t a t i o n s ,  so t h a t  comparisons of 
range es t imates  could be more accura te .  This recommendation was 
followed. 

We a l s o  examined movement d i s t a n c e s  by c a l c u l a t i n g  t h e  ad jus ted  range 
l eng th  and d i s t ances  between captures  of spec i e s .  To measure ad jus t ed  
range l eng th ,  t he  d i s t ance  between the  most widely separa ted  cap tu re  
s i t e s  was measured and one-half the  d i s t a n c e  t o  t he  next  t r a p  was added 
t o  each end of t he  l i n e  drawn ( S t i c k e l  1954). This  method was used 
because S t i c k e l  (1954) found t h a t  compared t o  computer s imula t ions  of 
home range l eng th ,  the  ad jus ted  range l eng th  va lues  were 3% l a r g e r  than 
a c t u a l  versus observed range l e n g t h s ,  which were 25% smal le r  than 
a c t u a l .  Distance between captures  was recorded a s  an  average of t h a t  
measure f o r  a l l  i nd iv idua l s  of a  spec i e s .  

Live t rapping was not  a  continuous e f f o r t .  Because t r a p  g r i d s  were s e t  
i n  only one month, i n  only one community type ,  r e s u l t s  cannot be 
considered neces sa r i l y  r e p r e s e n t a t i v e  f o r  the  s p e c i e s ,  but  they can be 
examined r e l a t i v e  t o  those of o the r  spec ies .  The low number of 
r ecap tu re s  per i nd iv idua l  makes the  a r e a  e s t ima te s  of home range 
conserva t ive  and va r i ab l e .  Home range can be ca l cu la t ed  whenever t he  
d a t a  o f f e r  more than one po in t  of r ecap tu re ,  but  e s t ima te s  of range a r e  
more r e a l i s t i c  with g r e a t e r  numbers of r ecap tu re s  (Van Vleck 1969). The 
sample s i z e s  f o r  d i s t ance  between cap tu re  and range l eng th  were l a r g e r ;  
thus  they may be examined wi th  more assurance.  

S t a t i s t i c a l  Methods 

We used the  Kruskal-Wallis t e s t  (S i ege l  1956) t o  examine d i f f e r e n c e s  i n  
proport ion of pregnant females between years .  Chi-square s t a t i s t i c  was 
used t o  t e s t  f o r  d i f f e r e n c e s  between propor t ions  of pregnant females i n  
s equen t i a l  months. Di f fe rences  between seasons i n ,  r e l a t i v e  populat ion 
s i z e ,  percent  maximum h a b i t a t  b readth ,  and over lap  were t e s t e d  wi th  the  
Mann-Whitney U t e s t  (S i ege l  1956). The a s s o c i a t i o n  between seasonal  
population s i z e  and (x and SD) seasonal  r a i n f a l l  was t e s t e d  wi th  the  
Kendall  rank c o r r e l a t i o n  c o e f f i c i e n t  ( r ;  S iege l  1956). 

Habi ta t  breadth was ca l cu la t ed  using t h e  formula: - LpilnlOpi, where pi 
represented the  proport ion of a  spec i e s  populat ion occurr ing  I n  t h e  i t h  
vege ta t ion  o r  s t r u c t u r a l  type. Percent  average h a b i t a t  b readth  was the  
percentage con t r ibu t ion  t o  t he  h a b i t a t  breadth measure by each 
vege ta t ion  o r  s t r u c t u r a l  type. Percent  maximum h a b i t a t  b readth  equals  
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habitat breadth divided by InN, where N = the number of vegetation or 
structural types in the analysis. Habitat breadth measures a species' 
distribution among habitat types. Maximum habitat breadth occurs when a 
species is equally abundant in all habitat types. Percent of maximum 
habitat breadth (J) measures how evenly a species is distributed among 
habitats. 

Spatial overlaps between species were calculated with Horn's formula 
(1966). Habitat (spatial) overlap indicates the degree to which two 
species were captured together in proportion to the degree to which they 
were captured separately (see Chapter 2, p. 27). 

We used Kendall's coefficient of concordance W test (Siege1 1956) to 
examine among-year and between-season habitat associations of rodent 
species. We tested the difference in the number of males and females 
with the Chi-square test. Significance was accepted at the 0.05 level. 

The above analyses were applied to data on the five numerically dominant 
rodent species in the Colorado River valley. Data from 1979 were not 
included in the statistical analyses because trap effort in that year 

-ul 
was not proportionate to the occurrence of vegetation and structural 
types. 

Trapping Summary 

Summary of the numbers of rodents captured per 270 trap nights (Table 
10-1) reveals the five numerically dominant species to be: (1) cactus 
mouse, (2) deer mouse, (3) white-throated woodrat, (4) Merriam kangaroo 
rat, and (5) desert pocket mouse. Seasonal and annual samples of these 
species were adequate to permit examination of reproductive and 
population characteristics. 

Cactus Mouse 

Description 

Mean weight 17.7 gm (0.62 02). 

Upper parts. ..dull, pale gray; underparts white or whitish 
suffused with buff or tawny; tail faintly bicolor, dusky above, 
whitish below....Tail markedly longer than head and body, but 
slightly pencilled, covered with short, fine hairs; ears 
relatively large and thin...(Hall and Kelson 1959:605). 

Distribution 

The cactus mouse was captured in all six habitat types: cottonwood- 
willow, honey mesquite, screwbean mesquite, salt cedar, salt cedar-honey 
mesquite, and arrowweed, at sites ranging from the Mohave Division south 
to the Limitrophe Division (Fig. 10-1). 
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Table 10-1. Number of rodents caught in summer and winter during the 
scudy, IS;-+ to 1379 is expressed in the upper portion of 
the table. Number of trap nights in various habitats is 
expressed in the lower portl~n of the table. 

Number caught 

Species Summer Winter Total 

Cactus mouse 4128 4430 8558 

Deer mouse 720 55 5 1275 

White-throated woodrat 56 8 47 1 1039 

Merriam kangaroo rat 87 3 533 1406 

Desert pocket mouse 1573 209 1782 

Southern grasshopper mouse 119 

Western harvest mouse 7 0 

House mouse 

Hispid cotton rat 

Desert kangaroo rat 65 

Round-tailed ground squirrel 9 6 

Harris antelope squirrel 7 

White-tailed antelope squirrel 7 

Structural type 

Vegetation type I I I 111 IV V V I 

Cot tonwood-willow 7290 4320 7290 12,150 29 7 0 10,530 

Honey mesquite --- --- 7020 32,400 9990 10,800 

Screwbean mesquite --- 4590 9450 20,790 13,770 2430 

Salt cedar 3420 2970 5130 11,610 16,740 6750 
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Table  10-1. ( c o n t . )  

S t r u c t u r a l  t y p e  

Vege ta t ion  type  I I1 I11 I V  V V I  

- 

S a l t  cedar-honey 
mesqui te  --- --- 
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not trapped 1 
HAVASU u 

F i g u r e  10-1. The Bureau of Reclamation h a s  d i v i d e d  t h e  lower Colorado 
River  i n t o  n i n e  d i v i s i o n s  f o r  e n g i n e e r i n g  purposes .  These 
are named and o u t l i n e d  on t h e  map. The major  v e g e t a t i o n  
t y p e s  found i n  each d i v i s i o n  a r e  g iven  under  t h e  name of  
t h e  d i v i s i o n .  cw = cottonwood and wi l low,  hm = honey 
mesqu i te ,  s m  = screwbean mesqu i te ,  s c  = s a l t  c e d a r ,  s h  = 
s a l t  cedar-honey mesqu i te  mixes. Cross-hatching i n d i c a t e s  
a r e a s  where t r a p p i n g  was done. 
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Breeding A c t i v i t y  

Each month, i n  a l l  y e a r s ,  a  p r o p o r t i o n  of females  was p r e g n a n t ,  excep t  
i n  1975 when no pregnant  females  were cap tured  i n  November and December 
(Tab le  10-2). Highes t  p r o p o r t i o n s  of females  w i t h  embryos g e n e r a l l y  
occur red  from March t o  J u l y  o r  August ( T a b l e  10-2). I n  1974 and 1976 
t h e  season  of g r e a t e s t  b reed ing  a c t i v i t y  extended from March t o  J u l y ;  i n  
1977 g r e a t e s t  b reed ing  a c t i v i t y  extended from March t o  August. I n  1978 
breed ing  a c t i v i t y  was s p o r a d i c ;  February ,  March, May, J u n e ,  and August 
were t h e  months of g r e a t e s t  b reed ing  a c t i v i t y .  There was no s i g n i f i c a n t  
d i f f e r e n c e  between y e a r s  i n  t h e  p r o p o r t i o n  of pregnant  females .  

There i s  some ev idence  f o r  a  d e c r e a s e  i n  r e p r o d u c t i v e  r a t e  f u n c t i o n i n g  
a s  a  c o n t r o l l i n g  mechanism of p o p u l a t i o n  s i z e  i n  some s p e c i e s  of 
Peromyscus (Terman 1968).  Although d i f f e r e n c e s  i n  p o p u l a t i o n  s i z e s  
e x i s t e d  among y e a r s  (F ig .  10-2), t h e  d a t a  d i d  n o t  demons t ra te  an  
a s s o c i a t e d  response  i n  r e p r o d u c t i v e  e f f o r t  i n  terms of t h e  p r o p o r t i o n  of 
pregnant  females ,  a l though  l i t t e r  s i z e  may have d i f f e r e d  among y e a r s .  

L i t t e r  S i z e  and G e s t a t i o n  

The mean number of embryos pe r  l i t t e r  was 3  ( n  = 265).  Stamp and Ohmart 
(1979) r e p o r t e d  2.7 embryos pe r  l i t t e r  (extremes of 1 and 5 ,  n  = 57) .  
Asde l l  (1964) r e p o r t e d  3.7 embryos pe r  l i t t e r  (ex t remes  1 and 4 ) .  

Layne (1968) r e p o r t e d  t h a t  t h e  average d u r a t i o n  of g e s t a t i o n  f o r  t h e  
c a c t u s  mouse i s  21 days .  He noted t h a t  i n  most s p e c i e s  of Peromyscus 
t h e r e  i s  a  p r o l o n g a t i o n  of g e s t a t i o n  rang ing  from 2 t o  7  days  i n  females  
exper ienc ing  post-partum e s t r u s  and t h a t  weaning occurs  between 3 and 4 
weeks of age.  S v i h l a  (1932) r e p o r t e d  prolonged weaning i n  t h e  c a c t u s  
mouse. F i r s t  e s t r u s  i n  females  and mature  spermatozoa i n  males marks ' 

sexua l  m a t u r i t y  and is  reached by c a c t u s  mice a t  a mean age  of 39 days 
( C l a r k  1938).  S t i c k e l  (1968) and Terman (1968) s t a t e d  t h a t  young of t h e  
year  d i s p e r s e  t o  e s t a b l i s h  t h e i r  own home range a s  e a r l y  as t h e  o n s e t  of 
s e x u a l  m a t u r i t y .  

R e l a t i v e  Popula t ion  S i z e  

R e l a t i v e  popula t ion  s i z e s  were determined on a  winter/summer s e a s o n a l  
b a s i s .  There was no s t a t i s t i c a l  d i f f e r e n c e  i n  p o p u l a t i o n  s i z e  between 
seasons .  Numbers of c a c t u s  mice d e c l i n e d  s t e a d i l y  from 1974 through 
1977 (F ig .  10-2). During 1978 and 1979 p o p u l a t i o n s  were s e a s o n a l l y  
c y c l i c  w i t h  w i n t e r  h ighs  and summer lows. The c o r r e l a t i o n  of r e l a t i v e  
p o p u l a t i o n  s i z e  w i t h  (x and SD) s e a s o n a l  r a i n f a l l  was n o t  s i g n i f i c a n t  
(Tab le  10-3). 

H a b i t a t  Breadth  and Over lap 

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  average  o v e r l a p  among v e g e t a t i o n  
t y p e s  (Tab le  10-4) o r  s t r u c t u r a l  types  ( T a b l e  10-5) o r  i n  p e r c e n t  
maximum h a b i t a t  b r e a d t h  (Tab le  10-6) between summer and w i n t e r  (Tab les  
10:4-6). Values were - >0.80 among v e g e t a t i o n  and s t r u c t u r a l  t y p e s  b o t h  
seasons  (Tab le  10-6). There was a  t r e n d  f o r  changes i n  p e r c e n t  maximum 
h a b i t a t  b r e a d t h  ( J )  among v e g e t a t i o n  t y p e s  t o  be o p p o s i t e  t h e  changes i n  
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Table 10-2. Percent of pregnant females of four rodent species in each month. 
Sample size in parentheses. Asterisk indicates significant 
(P<0.05) - difference from preceding month. 

-- 

Year 

Cactus mouse 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Deer mouse 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Desert pocket mouse 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
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Table 10-2. (cont . )  

Year 

Merriam kangaroo r a t  

January 
February 
March 
A p r i l  
*Y 
June 
J u l y  
August 
September 
October 
November 
December 

0, (17)  3, (29)  0, ( 5 )  6  ( 1 7 )  -- -- 
50 ( 2 )  31& ( 1 3 )  22, ( 9 )  11, ( 9 )  -- -- 
58, (12)  0, ( 3 )  67, ( 6 )  30 ( 1 0 )  -- -- 
87 ( 1 5 )  33, ( 1 5 )  14, ( 7 )  33, (15)  -- -- 
70 (10)  86, (17)  60 ( 5 )  88, ( 8 )  -- -- 
83 ( 6 )  20 ( 5 )  50 ( 4 )  29, ( 7 )  -- -- 
66* ( 9 )  19 (21)  43 ( 7 )  0 , ( 1 3 )  -- -- 

100 ( 2 )  20 ( 5 )  -- ( 0 )  13, ( 8 )  -- -- -- ( 0 )  -- ( 0 )  0  ( 2 )  0  ( 5 )  -- -- 
0 (13)  -- ( 0 )  0  ( 3 )  0  (10)  -- -- 
0  ( 3 )  -- ( 1 )  0 ( 3 )  7 (15)  -- -- 
0  ( 4 )  -- ( 1 )  -- ( 0 )  0  ( 1 3 )  -- -- 
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- -  HONEY MESQUITE 

SCREWBEAN MESQUITE 

---- SALT CEDAR 

- COTTONWOOD-WILLOW 

F i g u r e  10-2. Capture  r a t e s  ( ~ 1 2 7 0  t r a p  n i g h t s )  f o r  t h e  c a c t u s  mouse 
i n  f o u r  v e g e t a t i o n  t y p e s  a l o n g  t h e  lower Colorado R i v e r .  
W = w i n t e r ,  S = summer. 
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Table  10-3. C o r r e l a t i o n  (Kenda l l  ) of p o p u l a t i o n  s i z e  w i t h  (x and 
SD) i n c h e s  of r a i n f a l l .  R a i n f a l l  d a t a  from P a r k e r ,  
Arizona.  NS = n o t  s i g n i f i c a n t  (P>0.05) ,  S = s i g n i f i c a n t  
(P<O .O5). 

R a i n f a l l  (Y and SD) 

Year Summer Winter 

1978 
S p e c i e s  

Cactus mouse -0.22 NS 

Deer mouse -0.06 7 NS 

White-throated woodrat -0.36 NS 

Merriam kangaroo r a t  -0.33 NS 

Deser t  pocket mouse -0.56 S 
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Table 10-4. Average over lap  among vege ta t ion  types f o r  t he  f i v e  
numerical ly  dominant rodent spec ies .  Averages f o r  
1974-1978. Standard e r r o r  of the  mean i s  i n  parentheses .  

Species  

White- Merriam Desert  
Species/ Deer throa ted  kangaroo pocket 

season mouse woodrat r a t  mouse 

Cactus mouse 

Summer 0.765(0 .077)  0 .906(0 .025)  0 .783(0 .030)  0 .880 (0 .022 )  

Winter 0.654(0 .046)  0.919(0.022)  0 .751 (0 .051 )  0 .807(0 .068)  

Deer mouse 

Summer 0.740(0 .037)  0 .704(0 .065)  0 .805 (0 ,035 )  

Winter 0.648(0.054)  0 .735(0 .072)  0 .602(0 .041)  

White-throated 
woodrat 

Summer 0.816(0 .037)  0 .872(0 .023)  

Winter 0 .712 (0 .074 )  0 .757(0 .056)  

Merriam kangaroo 
r a t  

Summer 0.914(0 .019)  

Winter 0.796(0 .028)  
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Table  10-5. Average o v e r l a p  among s t r u c t u r a l  t y p e s  f o r  t h e  f o u r  
n u m e r i c a l l y  dominant r o d e n t  s p e c i e s .  Averages f o r  
1974-1978. Standard e r r o r  of t h e  mean i s  i n  p a r e n t h e s e s .  

Spec ies1  
season 

S p e c i e s  

White- Merriam D e s e r t  
Deer t h r o a t e d  kangaroo pocket  
mouse woodrat r a t  mouse 

Cactus  mouse 

Summer 

Winter 

Deer mouse 

Summer 

Winter 

White-throated 
woodrat 

Summer 

Winter 

Merriam kangaroo 
r a t  

Summer 

Winter 
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Table  10-6. P e r c e n t  maximum h a b i t a t  b r e a d t h  ( J )  a c r o s s  v e g e t a t i o n  t y p e s  
( A )  and s t r u c t u r a l  t y p e s  ( B )  f o r  t h e  n u m e r i c a l l y  dominant 
r o d e n t  s p e c i e s  of t h e  lower Colorado R i v e r  v a l l e y .  S = 
summer, W = w i n t e r .  

White- Merriam D e s e r t  
Cactus  Deer t h r o a t e d  kangaroo pocket  
mouse mouse woodrat rat  mouse 

Year S W S W S W S W S W 

White- Merriam D e s e r t  
Cactus  Deer t h r o a t e d  kangaroo pocket  
mouse mouse woodrat r a t  mouse 

Year S W S W S W S W S W 
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p o p u l a t i o n  s i z e .  I n  t h r e e  of f o u r  c a s e s  where r e l a t i v e  p o p u l a t i o n  s i z e  
d e c r e a s e d ,  J i n c r e a s e d ,  and i n  two c a s e s  where r e l a t i v e  p o p u l a t i o n  s i z e  
i n c r e a s e d ,  J decreased  ( F i g .  10-3). 

H a b i t a t  A s s o c i a t i o n  

The p r o p o r t i o n  of t h e  t o t a l  c a p t u r e s  i n  each v e g e t a t i o n  type  i d e n t i f i e s  
t h e  p r o p o r t i o n a t e  c o n t r i b u t i o n  of each h a b i t a t  type t o  t h e  t o t a l  
abundance. For example, i f  t h e  l a r g e s t  number caught  was i n  s a l t  c e d a r  
( r e g a r d l e s s  of s t r u c t u r a l  type)  among t h e  s i x  v e g e t a t i o n  t y p e s ,  t h e  
g r e a t e s t  p r o p o r t i o n  of c a c t u s  mice were cap tured  t h e r e .  We assumed t h a t  
a  h igh  p r o p o r t i o n  of animals  cap tured  i n  a  h a b i t a t  i n d i c a t e d  a h i g h  rank  
on a  h a b i t a t  p r e f e r e n c e  s c a l e .  

We ranked t h e  s i x  v e g e t a t i o n  ( r e g a r d l e s s  of s t r u c t u r a l  type)  and 
s t r u c t u r a l  ( r e g a r d l e s s  of v e g e t a t i o n  type)  t y p e s  by p e r c e n t  of numbers 
f o r  each season each year  (Tab le  10-7) and examined t h e  c o n s i s t e n c y  of 
ranks  between seasons  and among y e a r s  t o  determine i f  t h e  c a c t u s  mouse 
showed a  h a b i t a t  p r e f e r e n c e  and i f  t h e  p r e f e r e n c e s  were t h e  same between 
seasons .  The ranks  f o r  v e g e t a t i o n  and s t r u c t u r a l  t y p e s  were c o n s i s t e n t  
i n  win te r  and smi -e r  among y e a r s  ( T a b l e  10-8). Ranks i n  summer were 
c o n s i s t e n t  w i t h  ranks  i n  w i n t e r .  S t a t i s t i c a l l y  t h i s  i m p l i e s  t h a t  t h e  
c a c t u s  mouse showed a  p r e f e r e n c e  f o r  c e r t a i n  v e g e t a t i o n  and s t r u c t u r a l  
types  and t h i s  p r e f e r e n c e  d i d  n o t  change between seasons .  

Friedman's two-way a n a l y s i s  of v a r i a n c e  i n d i c a t e d  t h a t  t h e  d i s t r i b u t i o n  
of ranks  among t h e  v e g e t a t i o n  t pes  ( r e g a r d l e s s  of s t r u c t u r a l  type)  was Y n o t  random i n  e i t h e r  summer ( x = 18.8,  4 d f ,  P<0.001) o r  w i n t e r  ( x2 = 
13.2, 4 d f ,  P<0.02). I n  b o t h  s e a s o n s ,  s a l t  c e d a r  and s a l t  cedar-honey 
mesqui te  mixes were among t h e  h i g h e s t  ranked ( t h e  most r o d e n t s  were 
caught  t h e r e )  a c r o s s  y e a r s ,  w h i l e  arrowweed and honey mesqu i te  were 
among t h e  lowest  ranked each y e a r .  Th i s  i n d i c a t e s  t h a t  s a l t  c e d a r  may 
be a more p r e f e r r e d  h a b i t a t  by c a c t u s  mice t h a n  arrowweed o r  honey 
mesqui te .  T h i s  is  d i scussed  f u r t h e r  i n  t h e  fo l lowing  c h a p t e r .  

Kenda l l ' s  c o e f f i c i e n t  of concordance W v a l u e s  were between 0.635 and 
0.653 (on a  0  t o  1.0 s c a l e ) ,  r e f l e c t i n g  some f l u c t u a t i o n  i n  ranks .  S a l t  
c e d a r  and s a l t  cedar-honey mesqu i te  were of f i r s t  and second rank  
s i g n i f i c a n t l y  more o f t e n  t h a n  o t h e r  v e g e t a t i o n  types .  S a l t  cedar  was 
f i r s t  ranked i n  summer, s a l t  cedar-honey mesqui te  ranked f i r s t  i n  
w i n t e r ,  cottonwood-willow was t h i r d  ranked b o t h  s e a s o n s ,  screwbean 
mesqui te  was t h i r d  o r  f o u r t h  ranked ,  and honey mesquite and arrowweed 
ranked f i f t h  and s i x t h ,  r e s p e c t i v e l y ,  i n  both  seasons  (Tab le  10-8). 

Friedman's two-way a n a l y s i s  of v a r i a n c e  i n d i c a t e d  t h a t  t h e  d i s t r i b u t i o n  
of ranks  a c r o s s  y e a r s  and s t r u c t u r a l  t y p e s  of v e g e t a t i o n  d e v i a t e d  
s i g n i f i c a n t l y  from random i n  bo th  summer ( = 22.7, 4 df , P<0 .OO1) and 
i n  w i n t e r  ( X 2  = 21.5, 4 d f ,  P<0.001). Vege ta t ion  of s t r u c t u r a l  t y p e s  I 
o r  I1 tended t o  be ranked h i g h e s t ,  and s t r u c t u r a l  t y p e s  V and V I  tended 
t o  be ranked lowes t .  Th i s  s u g g e s t s  t h a t  a r e a s  w i t h  t a l l  v e g e t a t i o n  and 
l i t t l e  unders to ry  may be p r e f e r r e d  by c a c t u s  mice more t h a n  a r e a s  of low 
v e g e t a t i o n .  
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I I I I I I I I I I 
W S W S W S W S W S  

1974 1975 1976  1977  1978  

Figure  10-3. Changes i n  p o p u l a t i o n  l e v e l  (dashed l i n e )  and p e r c e n t  
maximum h a b i t a t  b r e a d t h  ( J ,  s o l i d  l i n e )  of t h e  c a c t u s  
mouse. A b b r e v i a t i o n s  a s  i n  F i g u r e  10-2. 
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Table  10-7. Rank of t h e  p r o p o r t i o n  of c a c t u s  mice caught  among ( A )  
v e g e t a t i o n  type  and ( B )  s t r u c t u r a l  type.  SM = screwbean 
~ a e s q u i t e ,  CW = cottonwood-willow, SC = s a l t  c e d a r ,  HM = 
honey m e s q u i t e ,  PL = arrowweed, SH = s a l t  cedar-honey 
mesqui te .  

( A )  V e g e t a t i o n  type  

Summer Winter 

Year SM CW SC HM PL SH SM CW SC HM PL SH 

1974 4 2 3 5 6  1 4  2 3 5 6 1 

1978 5 6 2 3 4  1 4  6 2 3 5 1 

- - - - - - - - - - - -  
TOTAL 20 17 8 23 28 10  17 17  1 1  24 27 8 

( B )  S t r u c t u r a l  t y p e  

Summer Winter 

I I1 111 I V  v V I  I I1 111 I V  v VI 

1977 3 i 2 4 5 6  3 1 - 3 4 5 6 

1978  1 2 , 3  4 5 6 2 1 3 4 5 6 

- - - - - - - - - - - -  
TOTAL 10 7 13  20 26 29 12 6 15  17 25 30 
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Table 10-8. Resu l t s  of Kendal l ' s  c o e f f i c i e n t  of concordance W t e s t  
(S iege1  1956) f o r  a n a l y s i s  of v e g e t a t i o n  type and 
s t r u c t u r a l  type.  W = t h e  degree of concordance ( 0  t o  1.0). 
* i s  s i g n i f i c a n t  a t  P<0.05. F i r s t  a n a l y s i s  ( A )  was among 
y e a r s  wi th in  a  season. Second a n a l y s i s  ( B )  was between 
seasons  f o r  those  s i g n i f i c a n t  i n  t h e  f i r s t  a n a l y s i s .  

( A )  Vegetat ion type  

Summer Winter 

W W 

S t r u c t u r a l  type 

Summer Winter 

W W 

Cactus 
mouse 0.648* 0.653* 

Deer 
mouse 0.643* 

White- 
t h roa t ed  
woodrat 0.66 l* 0.305 

Merriam 
kangaroo 
r a t  0.635* 0.485* 

Deser t  
pocket 
mouse 0.224 0.510* 

( B )  Vegetat ion type  

- - 

S t r u c t u r a l  type  

Summer vs .  Winter Summer vs .  Winter 

Deer mouse 0.588* Deer mouse , 0.363 

Cactus mouse 0 . 6 3 5 ~  Cactus mouse 0.879* 

White- th roa ted  
woodrat 0.5 18* 

White-throated 
woodrat 0.467* 

Mer r i a n  
kangaroo r a t  0 . 8 4 8 ~  

Deser t  pocket 
mouse 0.554* 



V e g e t a t i o n  Management - 382 

Kendal l ' s  c o e f f i c i e n t  of concordance (W) among s t r u c t u r a l  types  ( T a b l e  
10-8) was h igher  t h a n  among v e g e t a t i o n  t y p e s  (0.879 t o  0.909).  The 
s t r u c t u r a l  type p r e f e r e n c e  of c a c t u s  mice r a r e l y  changed from season  t o  
season o r  year  t o  y e a r .  Dense, more c l o s e d  s t r u c t u r a l  types  were 
p r e f e r r e d  over  open s t r u c t u r a l  types .  S t r u c t u r a l  t y p e  I1 ranked f i r s t  
bo th  seasons ;  s t r u c t u r a l  types  I and I11 f l u c t u a t e d  between second and 
t h i r d  rank.  S t r u c t u r a l  types  I V ,  V ,  and V I  were f o u r t h ,  f i f t h ,  and 
s i x t h  ranked,  r e s p e c t i v e l y ,  b o t h  seasons .  Vege ta t ion  and s t r u c t u r a l  
t y p e s  were probably  i n t e r a c t i v e  f a c t o r s  i n  s e l e c t i o n  of h a b i t a t  by t h e  
c a c t u s  mouse; s a l t  c e d a r  and cottonwood-willow ( r a n k  1  o r  2 ,  3 ,  
r e s p e c t i v e l y )  were t h e  h a b i t a t s  w i t h  s t r u c t u r a l  t y p e s  I and I1 ( r a n k  2 ,  
1 ,  r e s p e c t i v e l y ) .  Yet t h e r e  i s  a  s u g g e s t i o n  t h a t  v e g e t a t i o n  type  was an 
independent  f a c t o r  i n  s e l e c t i o n  because sa l t  cedar-honey mesqu i te  ranked 
f i r s t  o r  second even though a l l  s a l t  cedar-honey mesqu i te  a r e a s  were 
s t r u c t u r a l  type I V ,  a  low-ranking s t r u c t u r a l  type.  T h i s  i s  d i s c u s s e d  
f u r t h e r  i n  Chapter 11. 

Movement and Home Range 

E igh ty  c a c t u s  mice ,  38 females  and 42 males ,  were marked w i t h  an  
i n d i v i d u a l i z e d  t o e - c l i p  sequence. Seventy-eight  of t h e s e  were 
r e c a p t u r e d ;  19 were r e c a p t u r e d  on ly  once. For t h o s e  mice cap tured  more 
t h a n  once,  t h e  mean number of r e c a p t u r e s  was 2.75 f o r  females  and 3.35 
f o r  males (Tab le  10-9). There was a  g r e a t e r  number of males t h a n  
females  caught  a t  a  g r e a t e r  number of d i f f e r e n t  s t a t i o n s .  The mean home 
range a r e a  was 0.066 h a  (0.165 a )  among f e m a l e s ,  and 0.105 h a  (0.263 a )  
among males ( T a b l e  10-10). Adjusted range l e n g t h  f o r  females  was 58.8 m 
(193 f t ) ,  and 61.9 m (203 f t )  f o r  males.  Average d i s t a n c e  between 
c a p t u r e s  of females  was 31.4 m (103 f t )  and of males  was 32.6 m (107 f t )  
(maximum/minimum d i s t a n c e ,  91.410 m [299.9 f t ]  and 116.110 m [380.9 f t ] ,  
r e s p e c t i v e l y )  . 
I n  summary, a l though  movement d i s t a n c e s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  
between males and females ,  males were caught  i n  a  g r e a t e r  number of 
d i f f e r e n t  t r a p s  than  females.  Van Vleck (1969)  h a s  i n t e r p r e t e d  such  
c o n d i t i o n s  as an  i n d i c a t i o n  t h a t  males t r a v e l  more. The mean number of 
r e c a p t u r e s  between males and females  was s i m i l a r  enough t o  conclude t h a t  
t h e  l i k e l i h o o d  of c a t c h i n g  a  male o r  female  was e q u a l .  Ne i the r  s e x  was 
more " t r a p  happy" o r  " t r a p  shy" than  t h e  o t h e r .  

Sex R a t i o  

Most s p e c i e s  of Peromyscus a r e  r e p o r t e d  t o  have a  h i g h e r  number of males  
t h a n  f e m a l e s ,  a l t h o u g h  some s p e c i e s  show no d i f f e r e n c e  i n  sex  r a t i o  
(Terman 1968).  Skewed sex  r a t i o  i n  Peromyscus p o p u l a t i o n s  has  sometimes 
been a t t r i b u t e d  t o  g r e a t e r  c a t c h a b i l i t y  of m a l e s ,  i n f l u e n c e d  by t h e i r  
g r e a t e r  wandering and l a r g e r  home ranges  (Terman 1968).  Ye t ,  Terman 
(1968) r e p o r t e d  a  g r e a t e r  number of males  t h a n  females  i n  deer  mice born 
and r a i s e d  i n  t h e  l a b o r a t o r y .  Thus, skewed s e x  r a t i o  may n o t  be an  
a r t i f a c t  of c a p t u r e .  

I n  w i n t e r  i n  two y e a r s  t h e r e  were s i g n i f i c a n t l y  h i g h e r  numbers of males  
t h a n  females ,  i n  two o t h e r  y e a r s  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e ,  
and i n  one y e a r  t h e r e  was a  s i g n i f i c a n t l y  h i g h e r  number of females  t h a n  
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Table 10-9. Live t r a p  information. 

Species 

Desert  Mer r iam White- 
Cactus Deer Pocket kangaroo th roa t ed  
mouse mouse mouse r a t  woodrat 

To ta l  marked 80 2 1 5 8 18 2 1 

Marked recapture  78 19 57 18 2 1 

Number dead 14 1 9 2 1 

Number captured 
once 19 8 38 7 16 

Number females 
marked 38 10 23 9 10 

Number males 
marked 42 11 3 5 

Mean number 
recaptured 
females 2.75 1.86 1.74 3.56 1.30 

Mean number 
recaptured 
ma1 e s 3.35 2.44 1.50 1.44 1.27 
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Table 10-10. Estimates of home range and movements of the cactus mouse. 
Area in hectares by the boundary strip exclusive method 
(Stickel 1 9 5 4 ) .  Movements in meters. ARL = adjusted 
range length (Stickel 1 9 5 4 ) .  DBC = distance between 
captures. Sample size in parentheses. 

Minimum number of different stations 

Males 

Area 

ARL 

DBC 

Mean 

Maximin 

Females 

Area 

ARL 

DBC 

Mean 

Maximin 



Vegetat ion Management - 385 

males (Table 10-11). In  summer i n  two years  t h e r e  was a  s i g n i f i c a n t l y  
h igher  number of males than females; i n  t h ree  yea r s  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  between numbers of males and females.  

The sex r a t i o  i n  cac tus  mouse populat ions was not  inf luenced by a  
d i f f e r e n c e  between sexes i n  c a t c h a b i l i t y ,  s i n c e  male and female 
recapture  averages were s i m i l a r .  Sex r a t i o  was v a r i a b l e  between yea r s  
and did not  show a c o n s i s t e n t  t rend  of being e i t h e r  skewed o r  equal .  

Deer Mouse 

Descript ion 

Mean weight 18.0 gm. 

Upper par t s . . .usua l ly  varying...from pa le  g ray i sh  buff t o  deep 
reddish  brown ove r l a id  i n  varying degree by dusky; underpar t s  
white; t a i l  c lothed wi th  s h o r t  h a i r s ,  s l i g h t l y  p e n i c i l l a t e ,  
sharp ly  b i c o l o r ,  dark  above, l i g h t  below (Ha l l  and Kelson 
l959:612). 

D i s t r i bu t ion  

The deer  mouse was captured i n  a l l  s i x  vege ta t ion  types: cottonwood- 
willow, honey mesquite,  screwbean mesquite,  s a l t  cedar ,  s a l t  cedar-honey 
mesquite,  and arrowweed, a t  s i t e s  ranging from t h e  Mohave Divis ion  t o  
t h e  Limitrophe Div is ion  (Fig. 10-1). 

Breeding Ac t iv i ty  

During the  s tudy per iod ,  pregnant females were captured i n  each month, 
January through December (Table 10-2). In  February a q u a r t e r  t o  a  t h i r d  
of t h e  females were pregnant.  The h ighes t  propor t ion  of pregnant 
females occurred from March through J u l y  o r  August. There was no 
s i g n i f i c a n t  d i f f e r ence  among years  i n  t he  propor t ion  of pregnant 
females . 
L i t t e r  Size and Ges ta t ion  

The mean number'of embryos per  l i t t e r  was 4.2 (n  = 49). Terman (1968) 
repor ted  mean l i t t e r  s i z e  of >4 i n  deer  mice. Hal l  and Kelson (1959) 
reported the  mean number of embryos per  l i t t e r  a s  5  (extremes of 1  and 
8 ) .  Gestat ion period i n  t he  deer  mouse has been repor ted  a s  23 days 
(Layne 1968) and 21 t o  27 days (Ha l l  and Kelson 1959). Weaning has been 
reported t o  occur a t  22 t o  37 days (Layne 1968),  and sexual  ma tu r i t y  t o  
occur a t  49 days of age i n  females (Layne 1968) and by 60 days of age i n  
males (Clark 1938). Terman (1968) s t a t e d  t h a t  Peromyscus i n d i v i d u a l s  
s e l e c t  a  home s i t e  or  a r e a  a t  about the  time of sexual  matur i ty ;  
i nd iv idua l s  then remain r e l a t i v e l y  sedentary.  

Re la t ive  Populat ion S ize  

The r e l a t i v e  populat ion s i z e  of t h e  deer  mouse was seasona l ly  c y c l i c ,  
wi th  highs i n  winter  and lows i n  summer, except  i n  1976 (F ig .  10-4). 
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Table 10-11. The numbers of males and females captured ,  $y season,  wi th  
vege ta t ion  and s t r u c t u r a l  types combined. = Chi-square 
s i g n i f i c a n t  a t  P<0.05. 

White- Merriam Desert  
Cactus Deer throa ted  kangaroo pocket 
mouse mouse woodrat r a t  mouse 

Winter 

1974 

Males 

Females 

1975 

Males 

Females 

1976 

Males 

Females 

1977 

Males 

Females 

1978 

Males 

Females 

Summer 

1974 

Males 

Females 
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Tab le  10- 11. (cant. ) 

White- Merriam D e s e r t  
Cactus  Deer t h r o a t e d  kangaroo pocket  
mouse mouse woodrat r a t  mouse 

1975 

Males 

Females 

1976 

Males 

Females 

1977 

Ma1 e s 

Females 

1978 

Males 

Females 



V e g e t a t i o n  Management - 388 

-- HONEY MESQUITE 

.-SCREWBEAN MESQUITE 

- -- SALT CEDAR 

- COTTONWOOD-WILLOW 

F i g u r e  10-4. Capture  r a t e s  (81270  t r a p  n i g h t s )  f o r  t h e  d e e r  mouse 
i n  f o u r  v e g e t a t i o n  t y p e s  a l o n g  t h e  lower Colorado 
River .  Abbrev ia t ions  a s  i n  F i g u r e  10-2. 
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There was no s i g n i f i c a n t  d i f f e r ence  between summer and winter  populat ion 
s i z e s .  The c o r r e l a t i o n  between r e l a t i v e  popula t ion  s i z e  and (x and SD) 
seasonal  p r e c i p i t a t i o n  was not s i g n i f i c a n t  (Table 10-3). 

When populat ion s i z e  increased ,  t he  vege ta t ion  types which showed 
increases  gene ra l ly  were higher  ranking ( types  which showed h igh  
proport ion of spec i e s  abundance; Table 10-12 and Fig. 10-4). Vegetat ion 
types which showed no change o r  a  decrease i n  r e l a t i v e  popula t ion  s i z e  
when the re  was an o v e r a l l  populat ion inc rease  gene ra l ly  were lower 
ranking types.  

Habi ta t  Breadth and Overlap 

There was no s i g n i f i c a n t  d i f f e r e n c e  between seasons i n  average over lap  
among s t r u c t u r a l  types (Table 10-5) o r  i n  percent  maximum h a b i t a t  
breadth (Table 10-6). Average over lap  among vege ta t ion  types was 
s i g n i f i c a n t l y  lower i n  t he  winter  (Table 10-4). J va lues  were mostly 
>0.71 among vege ta t ion  and s t r u c t u r a l  types both seasons (Table 10-2). - 
There was a  t rend f o r  changes i n  percent  maximum h a b i t a t  breadth t o  
oppose changes i n  populat ion s i z e .  I n  t h r e e  of f i v e  cases  when 
populat ion s i z e  decreased,  J inc reased ,  and i n  a l l  f ou r  cases  when 
populat ion s i z e  increased ,  J decreased (Fig.  10-5). 

Habitat  Associat ion 

We ranked the  s i x  vege ta t ion  and s t r u c t u r a l  types ( s e p a r a t e l y )  by 
proport ion of rodents  caught wi th in  each season each year  (Table 10-13) 
and examined the  consis tency among years  and between seasons (Table 
10-8). Ranks f o r  vege ta t ion  types were s i g n i f i c a n t l y  c o n s i s t e n t  among 
years  i n  summer and winter .  Ranks were a l s o  c o n s i s t e n t  between seasons. 
Yet the  between season W va lue  was l e s s  than t h a t  of summer o r  win ter  
s epa ra t e ly ,  i n d i c a t i n g  t h a t  t he re  was more f l u c t u a t i o n  i n  rank between 
seasons than wi th in  seasons among years .  The W va lues  were between 
0.588 and 0.760 (on a  0 t o  1.0 s c a l e ) .  S a l t  cedar ranked f i r s t  i n  
summer and second i n  winter  s i g n i f i c a n t l y  more o f t e n  than  o ther  
vege ta t ion  types.  Arrowweed ranked f i r s t  i n  winter .  S a l t  cedar-honey 
mesquite and screwbean mesquite changed rank s l i g h t l y ,  varying from 
fou r th  to  f i f t h ,  between seasons. Honey mesquite  was lowest ranking i n  
both seasons. Ranks f o r  s a l t  cedar ,  cottonwood-willow, screwbean 
mesquite,  and honey mesquite were s imi l a r  f o r  t he  deer  mouse and the  
cac tus  mouse. Arrowweed and s a l t  cedar-honey mesquite were a t  oppos i te  
ends of the  s c a l e  between the  two spec ies  i n  t h e  win ter .  

The ranks of s t r u c t u r a l  type f o r  t he  deer  mouse were no t  s i g n i f i c a n t l y  
c o n s i s t e n t  i n  winter  o r  summer among years  (W = 0.383, 0.379). This  
i n d i c a t e s  t h a t  the  deer  mouse did not  show a preference f o r  a  p a r t i c u l a r  
s t r u c t u r a l  type. But t he  higher  s t r u c t u r a l  types (IV, V ,  and VI) 
gene ra l ly  were i n  t he  top th ree  ranks ,  whereas lower s t r u c t u r a l  types 
( I ,  11, and 111) gene ra l ly  were i n  t h e  lower th ree  ranks.  This was t h e  
r eve r se  of s t r u c t u r a l  type preference of t h e  cac tus  mouse, f o r  which V 
and V I  ranked f i f t h  and s i x t h ,  and 11, I ,  111 ranked f i r s t ,  second o r  
t h i r d ,  r e spec t ive ly .  
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Table 10-12. Periods of population increase in the white-throated 
woodrat, deer mouse, kangaroo rat, and pocket mouse and 
the vegetation types which showed density increases and 
decreases during the overall population increase. 
Abbreviations as in Table 10-7. Rank values are from 
Tables 10-7, 10-13, 10-15, and 10-16. 

Population Vegetation Vegetation 
Species increase type rise Rank type fall Rank 

Deer mouse S 1974 to W SM, CW 2, 4 
197 5 

W to S 1976 SC, HM 1, 5 

S 1976 to W SC, CW, SM 2, 3, 4 
1977 

S 1977 to W SC, CW, SM 2, 3, 4 
1978 

White-throated 
woodrat W t o S  1975 SM,HM, CW 1, 2, 3 

W to S 1976 SM, HM 1, 4 

S 1977 to W SC, HM 1, 2 
1978 

Merriam 
kangaroo rat W to S 1974 All 

W to S 1975 SC, CW 1, 5 

S 1976 to W All 
1977 

Desert pocket 
mous e W to S 1974 All 

W to S 1975 All 

W to S 1976 All 

W to S 1977 All 

None 

SC, SM 2, 4 

HM 6 

None 

SM,HM 2 , 3  

None 

None 

None 

None 

None 

None 
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1 I I I I I I I I I 
W S W S W S W S W S  

1974 1975 1976 1977 1978 

F i g u r e  10-5. Changes i n  p o p u l a t i o n  l e v e l  and p e r c e n t  maximum 
h a b i t a t  b r e a d t h  o f  t h e  d e e r  mouse. A b b r e v i a t i o n s  
a s  i n  F i g u r e s  10-2 and 10-3. 
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Tab le  10-13. Rank of t h e  p r o p o r t i o n  of t o t a l  c a p t u r e s  of d e e r  mice 
among v e g e t a t i o n  (A) and s t r u c t u r a l  ( B )  t y p e s .  
Abbrev ia t ions  a s  i n  Tab le  10-7. 

V e g e t a t i o n  type  

1974 4 3 1 6  2 5 2.5 4.5 2.5 4.5 1 6 

1975 5 3 1 4  6 2 4  2 3 6 1 5 

1976 4 2 1 5 3 6 3  1 2 5.5 4 5.5 

1977 5 2 1 6 4 3 4 3  2 6 1 5  

1978 5 1 2 4 3 6 4  3 2 5.5 1 5.5 
- - - - - - ---- - - 

TOTAL 23 11 6 25 18 22 17.5 13.5 11.5 27.5 8 27 
--  - - 

( B )  S t r u c t u r a l  t y p e  

Summer Winter 

Year I I1 I11 I V  V V I  I I1 I11 I V  V V I  

1974 5.5 5.5 3 2 4 1 5.5 5.5 2 3 4 1 

1978 2 5 6 4 1 3 1  6 5 4 2 3 

-- L - - ---- - - - 
TOTAL 20.5 23.5 23 15 14 9 19 25 21 17 15 8 

- 
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The Kenda l l  c o e f f i c i e n t  of concordance W t e s t s  i n d i c a t e d  t h a t  v e g e t a t i o n  
t y p e  was a  more impor tan t  f a c t o r  t h a n  s t r u c t u r a l  t y p e  i n  h a b i t a t  
s e l e c t i o n  by d e e r  mice.  These t e s t s  a l s o  showed t h a t  t h e  f a c t o r s  
d i s t i n g u i s h i n g  t h e  d i f f e r e n c e  i n  h a b i t a t  p r e f e r e n c e  between t h e  c a c t u s  
mouse and d e e r  mouse were changes i n  w i n t e r  v e g e t a t i o n  p r e f e r e n c e  
(arrowweed v s .  s a l t  cedar-honey mesqu i te )  and s t r u c t u r a l  type .  

Movement and Home Range 

Twenty-one d e e r  mice (10  females ,  11 males )  were t o e  c l i p p e d  w i t h  an  
i n d i v i d u a l i z e d  sequence.  Nineteen d e e r  mice were r e c a p t u r e d .  The mean 
number of r e c a p t u r e s  of females  was 1.86 and of males  was 2.44 ( T a b l e  
10-9). Data were i n s u f f i c i e n t  t o  examine home range s i z e  and average  
movement d i s t a n c e  accord ing  t o  sex.  

The average  home range a r e a  was 0.23 ha  (0.13 a ;  Tab le  10-14). Home 
range a r e a  es t imated  from t h e  maximum number of d i f f e r e n t  s t a t i o n s  a t  
which an i n d i v i d u a l  was caught was 0.43 h a  (1.08 a ) .  The average  
a d j u s t e d  range l e n g t h  was 87.6 m (288 f t )  and t h e  mean d i s t a n c e  between 
c a p t u r e s  was 61.5 m (202 f t )  (maximumlminimum = 138115 m [453/49 f t ) .  
The average a d j u s t e d  range l e n g t h  and d i s t a n c e  between c a p t u r e s  were 
s i g n i f i c a n t l y  g r e a t e r  i n  t h e  d e e r  mouse t h a n  i n  t h e  c a c t u s  mouse 
(P<0.005, t = 30.46, 65 d f ;  t = 47.63, 144 d f ,  r e s p e c t i v e l y ) .  

B l a i r  (1958) recorded a  f requency  t a b l e  of movement d i s t a n c e s  f o r  t h e  
d e e r  mouse i n  152.4-m (500- f t )  c a t e g o r i e s .  Of 123 r e c o r d i n g s ,  110 were 
i n  t h e  0- t o  152.4-m (500-f t )  c a t e g o r y .  We concluded t h a t  d e e r  mice 
mos t ly  t r a v e l  d i s t a n c e s  l e s s  t h a n  152.4 m (500 f t ) .  Our f i n d i n g s  of 
a d j u s t e d  range l e n g t h  and d i s t a n c e  between c a p t u r e s  (87.6 m [288 f t ] ,  
61.5 m [202 f t ] )  a g r e e  w i t h  h i s  f i n d i n g s .  S t o r e r  e t  a l .  (1944) i n  
C a l i f o r n i a  and B l a i r  (1958) i n  Texas r e p o r t e d  t h a t  t h e  d e e r  mouse k e p t  
f a i r l y  s t a b l e  home ranges  from month t o  month. 

Sex R a t i o  

There was a  s i g n i f i c a n t l y  h i g h e r  number of males  t h a n  females  i n  b o t h  
w i n t e r  and summer d u r i n g  f o u r  of f i v e  y e a r s  ( T a b l e  10-11). The 
d i f f e r e n c e  probably  was n o t  an a r t i f a c t  of b i a s e d  c a p t u r e  because  males  
and females  showed s t a t i s t i c a l l y  e q u a l  average  numbers of r e c a p t u r e s .  
A s  mentioned p r e v i o u s l y ,  Terman (1968) r e p o r t e d  a  skewed s e x  r a t i o  i n  
f a v o r  of males  i n  l a b o r a t o r y - r a i s e d  p o p u l a t i o n s  of d e e r  mice. B l a i r  
(1953) noted t h a t  t h e  s e x  r a t i o  remained even w i t h i n  t h e  l i m i t s  of 
chance v a r i a t i o n  i n  h i s  s tudy  of d e e r  mice i n  Texas. 

White-throated Woodrat 

D e s c r i p t i o n  

Mean weight  200 gm (7.05 oz)  . 
Upper p a r t s  g r a y i s h  washed w i t h  f u l v o u s  t o  ochraceous  mixed 
w i t h  dusky; u n d e r p a r t s  w h i t e  o r  g r a y i s h ,  i n d i v i d u a l  h a i r s  
plumbeous b a s a l l y  excep t  on t h r o a t  where t h e y  a r e  whi te  t o  t h e  
base ;  t a i l  brownish o r  even dusky above,  w h i t i s h  below ( H a l l  
and Kelson 1959:686). 
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Table 10-14. Live trap estimates of home range and movements of the 
deer mouse. Sample sizes in parentheses. See Table 10-7 
for abbreviations. 

Minimum number of different stations 

2 
- 

Measure 3 4 x 

Area 

ARL 

DBC 

Mean 65.2 39.3 73.3 61.5 
( 3 )  ( 8  ( 1 4 )  ( 2 5 )  
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Distribution 

The white-throated woodrat was captured in all six vegetation types: 
cottonwood-willow, honey mesquite, screwbean mesquite, salt cedar, salt 
cedar-honey mesquite, and arrowweed, at sites ranging from the Mohave 
Division to the Limitrophe Division (Fig. 10-1). 

Breeding Activitv 

An insufficient sample (n = 22) of reproductively active female woodrats 
was collected; therefore we could not determine the onset and duration 
of breeding. Hall and Kelson (1959) reported that the white-throated 
woodrat breeds from April to September and possibly year round in 
southern latitudes. 

Litter Size and Gestation 

The mean number of embryos per litter was 2.3 (n = 22). Stamp and 
Ohmart (1979) reported a mean of 1.9 embryos per litter (extremes of 1 
and 3, n = 21). Hall and Kelson (1959) reported litter sizes of 1 to 3 
after a gestation period of about 30 days. 

Relative Population Size 

Relative population size in the white-throated woodrat was asynchronous 
among the various habitat types (Fig. 10-6). There was no significant 
difference between winter and summer population sizes. The correlation 
between population size and (x and SD) seasonal precipitation was not 
significant (Table 10-3). 

When population size increased, the vegetation types which showed 
increases generally were higher ranking (Table 10-15, Fig. 10-6). 
Vegetation types which had no change or decreased population size when 
there was an overall population increase generally were lower ranking 
vegetation types. 

Habitat Breadth and over la^ 

There was no statistical difference between seasons in percent maximum 
habitat breadth or average overlap among vegetation or structural types 
(Tables 10:3-5). J values were mostly >0.76 among vegetation and 
structural types in both seasons (Table 10-3). There was a trend for 
changes in percent maximum habitat breadth to be opposite changes in 
population size. In two of three cases when population size dropped, J 
increased; in all four cases in which population size increased, J 
decreased. In both cases in which the population size stayed the same, 
J stayed the same (Fig. 10-7). 

Habitat Association 

We ranked the vegetation and structural types (separately) by proportion 
of total rodents caught in each type for each season, each year (Table 
10-15). The ranks of vegetation types were significantly consistent in 
summer but were not significantly consistent in winter (Table 10-8). 
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-- HONEY MESQUITE 

SCREWBEAN MESQUITE 
- - -  SALT CEDAR 

COTTONWOOD-WILLOW 

F i g u r e  10-6. Cap tu re  r a t e s  (N/270 t r a p  n i g h t s )  f o r  t h e  w h i t e - t h r o a t e d  
woodrat  i n  f o u r  v e g e t a t i o n  t y p e s  a l o n g  t h e  lower Colorado 
River .  Abbrev ia t ions  a s  i n  F i g u r e  10-2. 
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Tab le  10-15. Rank of p r o p o r t i o n  of t o t a l  c a p t u r e s  f o r  t h e  
w h i t e - t h r o a t e d  woodrat among v e g e t a t i o n  ( A )  and s t r u c t u r a l  
( B )  t y p e s .  See Tab le  10-7 f o r  a b b r e v i a t i o n s .  

( A )  V e g e t a t i o n  type  

Summer Winter  

Year SM CW SC HM PL SH SM CW SC HM PL SH 

1974 2 1 5 3 6 4 1 3 5 2 6 4  

1975 1 3 4 2 6  5 1 5 3 6 2 4 

1976 1 3 2 4 6  5 1 2 4 5 3 6 

1977 2 1 4 3 6  5 2 1 3 4 6 5  

1978 3 4.5 1 2 4.5 6 5 3 1 2 6 4 
- -- - -- - - - - - -  

TOTAL 9 1 2 . 5 1 6  14  2 8 . 5 2 5  10 14 16 17 23 23 

( B )  S t r u c t u r a l  type 

Summer Winter  

Year I I1 I11 I V  V V I  I I1 I11 I V  V V I  

1974 1 2 3 4 6  5 1 3 2 5 4 6 

1975 3 2 5 4  1 6 6 1 2 3 5 4 

1976 3 1 2 4 5 6  2 1 6  3 4 5  

1977 6 1 3 2 5 4  3 1 2 4 6 5 

1978 6 1 2 4 3  5 5.5 1 2 3 4 5.5 
- - - - - -  - - - - - -  

TOTAL 17 7 15 18 20 26 17.5 7 14 18 23 25.5 
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Figure 10-7. Changes in pouplation level and percent maximum habitat 
breadth of the white-throated woodrat. Abbreviations as 
in Figures 10-2 and 10-3. 
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This ind ica ted  t h a t  white-throated woodrats exhib i ted  a preference  f o r  
c e r t a i n  vege ta t ion  types i n  summer but  no t  i n  win ter .  The W va lue  f o r  
summer was 0.661, so the re  was some f l u c t u a t i o n  i n  t he  rank of 
vege ta t ion  types.  But screwbean mesquite was c o n s i s t e n t l y  of h ighes t  
rank,  cottonwood-willow ranked second, honey mesquite t h i r d ,  s a l t  cedar  
f o u r t h ,  s a l t  cedar-honey mesquite  f i f t h ,  and arrowweed ranked s i x t h  i n  
summer. 

Ranks by s t r u c t u r a l  type were s i g n i f i c a n t l y  c o n s i s t e n t  i n  winter  and 
summer among y e a r s ,  and between winter  and summer (Table 10-8). This  
ind ica ted  t h a t  white-throated woodrats showed a s t r u c t u r a l  type 
preference.  W va lues  were low (0.451-0.496), i n d i c a t i n g  t h a t  t he  rank 
of s t r u c t u r a l  types f l uc tua t ed  q u i t e  a b i t .  Type I1 c o n s i s t e n t l y  ranked 
f i r s t  both seasons. Type 111 c o n s i s t e n t l y  ranked second i n  winter  bu t  
was l e s s  c o n s i s t e n t l y  second i n  summer. Types V and V I  were low ranking 
( 4 t h ,  5 t h ,  6 th )  both seasons. According t o  these  d a t a ,  white- throated 
woodrats i n  summer considered mesquite and cottonwood-willow h a b i t a t s  
with r e l a t i v e l y  dense canopy t o  be optimal h a b i t a t s ,  and arrowweed and 
r e l a t i v e l y  open h a b i t a t s  t o  be l e s s  p re fe rab le .  Vegetat ion type was not  
an important f a c t o r  i n  h a b i t a t  s e l e c t i o n  i n  w in te r ,  whereas s t r u c t u r a l  
type was, although i t  was not  a s  important a f a c t o r  a s  with t h e  o t h e r  
rodent spec ies .  

Movement and Home Range 

Twenty-one woodrats (10 females and 11 males) were toe  cl ipped wi th  an 
ind iv idua l ized  sequence. A l l  21 were recaptured;  t he  average number of 
recaptures  was 1.30 f o r  females and 1.27 f o r  males (Table 10-9). We 
were unable t o  c a l c u l a t e  home range a rea  and d i s t a n c e  t r ave l ed  because 
of t he  low recapture  success .  

Sex Rat io 

In  summer among a l l  years  t h e r e  were s t a t i s t i c a l l y  equal  numbers of 
males and females (Table 10-11). I n  win ter  t he  sex r a t i o  was v a r i a b l e .  
One year had a s i g n i f i c a n t l y  g r e a t e r  number of females ,  another  year had 
a s i g n i f i c a n t l y  g r e a t e r  number of males,  and o the r  years  showed 
s t a t i s t i c a l l y  equal  numbers of males and females. The mean number of 
recaptures  showed t h a t  n e i t h e r  sex was biased over t he  o the r  i n  
c a t c h a b i l i t y  . 

Merriam Kangaroo Rat 

Descript ion 

Mean weight 38.0 gm (1.34 02). 

. . . I  F l o r e f e e t  and a n t i p l a n t a r  f aces  of hind f e e t  white;  white  
s t r i p e  extending from f l a n k  t o  base of t a i l  and i s o l a t i n g  patch 
of pigmented h a i r  on each hind l e g ,  t h i s  patch being some shade 
of buff o r  brownish l i k e  upper p a r t s ;  t a i l  white  a l l  around a t  
base and having white  s t r i p e s  f o r  e n t i r e  l eng th  on each s ide ;  
dark  s t r i p e  extending down top of t a i l . . . t a i l  t u f t e d  ...; f u r  
s i l k y ,  plumbeous basa l ly  on upper p a r t s  and white  t o  base on 
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u n d e r p a r t s . .  . .Hind l e g s  l a r g e  and 5 t h  t o e  on l a r g e  h ind  f e e t  
v e s t i g i a l  o r  [ l a c k i n g ]  .... s h o r t  neck ( H a l l  and Kelson 
1959:511). 

D i s t r i b u t i o n  

The Merriam kangaroo r a t  was cap tured  i n  a l l  s i x  v e g e t a t i o n  types :  
cottonwood-willow, honey m e s q u i t e ,  screwbean mesqu i te ,  sa l t  c e d a r ,  s a l t  
cedar-honey mesqu i te ,  and arrowweed, a t  s i tes  rang ing  from t h e  Mohave 
D i v i s i o n  t o  t h e  L imi t rophe  D i v i s i o n  (F ig .  10-1). 

Breeding A c t i v i t y  

Pregnant  kangaroo r a t s  were cap tured  a s  e a r l y  a s  January  i n  some y e a r s  
(Table  10-2). I n  February ,  10 t o  30% of t h e  females  had embryos. The 
h i g h e s t  p r o p o r t i o n  of females  w i t h  embryos occur red  from March t o  J u l y  
i n  1974 and 1976, from February  t o  May i n  1975, and from March t o  May i n  
1977. Pregnant  females  were r a r e l y  cap tured  from September through 
December. There w a s  no s i g n i f i c a n t  d i f f e r e n c e  among y e a r s  i n  t h e  
p r o p o r t i o n  of pregnant  females .  

Reynolds (1960)  noted f i r s t  p regnanc ies  i n  March, peak numbers of 
p regnanc ies  i n  May and a g a i n  i n  September, and observed no p regnanc ies  
from November through February i n  Merriam kangaroo r a t s  i n  s o u t h e r n  
Arizona.  Stamp and Ohmart (1979) r e p o r t e d  t h a t  more t h a n  60% of females  
were r e p r o d u c t i v e l y  a c t i v e  from February th rough  J u l y  and t h a t  no 
r e p r o d u c t i v e l y  a c t i v e  females  were caught i n  December and January  i n  
t h e i r  s tudy  a r e a  40 km (25 mi) n o r t h e a s t  of Phoenix,  Arizona.  

L i t t e r  S i z e  and G e s t a t i o n  

The mean number of embryos p e r  l i t t e r  was 2.1 ( n  = 37) .  Reynolds (1960) 
r e p o r t e d  a mean of 2.02 embryos p e r  l i t t e r  ( ex t remes  1 and 3 ) .  H a l l  and 
Kelson (1959) r e p o r t e d  a mean of 3 embryos pe r  l i t t e r  ( ex t remes  1 and 
5 ) .  

R e l a t i v e  P o ~ u l a t i o n  S i z e  

The r e l a t i v e  p o p u l a t i o n  s i z e  of t h e  Merriam kangaroo r a t  was 
asynchronous over  t h e  seasons  s t u d i e d  ( F i g .  10-8). Reynolds (1960) 
s t a t e d  t h a t  Merriam kangaroo rat abundance v a r i e d  w i d e l y  w i t h  t h e  season  
and year  and t h a t  no p r e d i c t a b l e  c y c l i c  changes were a p p a r e n t .  Our d a t a  
were c o n s i s t e n t  w i t h  t h o s e  f i n d i n g s .  Popula t ion  s i z e  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  between seasons .  The c o r r e l a t i o n  between 
p o p u l a t i o n  s i z e  and (x and SD) s e a s o n a l  r a i n f a l l  Gas n o t  s i g n i f i c a n t  
(Tab le  10-3). When p o p u l a t i o n  s i z e  i n c r e a s e d ,  a l l  v e g e t a t i o n  t y p e s  
showed i n c r e a s e d  abundances of kangaroo r a t s  i n  two of t h r e e  c a s e s  
(Tab le  10-12, Fig.  10-8). 

H a b i t a t  Breadth  ,and Over lap 

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  p e r c e n t  maximum h a b i t a t  b r e a d t h  
o r  average o v e r l a p  among v e g e t a t i o n  o r  s t r u c t u r a l  t y p e s  between seasons  
(Tab les  10:3-5). J v a l u e s  were mos t ly  >0.70 among v e g e t a t i o n  t y p e s  bo th  
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-- HONEY MESQUITE 

I- SCREWBEAN MESQUITE 
--- SALT CEDAR 

COTTONWOOD-WILLOW 

F i g u r e  10-8. Capture  r a t e s  ( N / 2 7 0  t r a p  n i g h t s )  f o r  t h e  Merriam 
kangaroo r a t  i n  f o u r  v e g e t a t i o n  t y p e s  a l o n g  t h e  lower  
Colorado River .  A b b r e v i a t i o n s  as  i n  F i g u r e  10-2. 
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seasons  but  were mos t ly  between 0.62 and 0.65 among s t r u c t u r a l  t y p e s  
(Tab le  10-3). There was a  t r e n d  f o r  t h e  changes i n  J v a l u e s  t o  f o l l o w  
changes i n  p o p u l a t i o n  s i z e .  I n  a l l  t h r e e  c a s e s  i n  which p o p u l a t i o n  s i z e  
decreased ,  J decreased  ( F i g .  10-9). I n  a l l  t h r e e  c a s e s  i n  which 
p o p u l a t i o n  s i z e  i n c r e a s e d ,  J i n c r e a s e d .  

H a b i t a t  A s s o c i a t i o n  

When we ranked v e g e t a t i o n  and s t r u c t u r a l  t y p e s  by p r o p o r t i o n  of t o t a l  
c a p t u r e s  i n  each h a b i t a t  f o r  each season  each y e a r  (Tab le  10-16), we 
found t h a t  ranks  were s i g n i f i c a n t l y  c o n s i s t e n t  f o r  bo th  v e g e t a t i o n  and 
s t r u c t u r a l  type i n  w i n t e r  and summer among y e a r s  and between w i n t e r  and 
summer (Tab le  10-8). W v a l u e s  f o r  v e g e t a t i o n  type  (0.635, 0.485) showed 
t h a t  ranks  f l u c t u a t e d  more i n  w i n t e r  t h a n  i n  summer. Screwbean mesqu i te  
ranked f i r s t  i n  summer and w i n t e r ;  honey mesqu i te  and arrowweed ranked 
h i g h  i n  bo th  summer and w i n t e r ,  a l t h o u g h  ranks  v a r i e d  among y e a r s .  S a l t  
cedar-honey mesqu i te  ranked lowes t  i n  w i n t e r  and had a  s i m i l a r l y  low 
s t a t u s  t o  cottonwood-willow i n  summer. 

The Kenda l l ' s  c o e f f i c i e n t  of concordance W v a l u e s  ( T a b l e  10-8) f o r  
s t r u c t u r a l  type were r e l a t i v e l y  h i g h  (0.837, 0 .877) ,  implying t h a t  t h e  
o p t i m a l i t y  of s t r u c t u r a l  t y p e s  changed v e r y  l i t t l e  between y e a r s  and 
seasons .  Type V was t h e  optimum s t r u c t u r a l  t y p e ,  Type V I  was second,  
Type I V  was t h i r d ,  and Type I11 was f o u r t h  i n  b o t h  seasons .  Types I and 
I1 ranked s i x t h  and f i f t h  i n  w i n t e r  and were n e a r l y  t i e d  f o r  l a s t  r ank  
i n  summer. 

I n  summary, t h e  s p a r s e n e s s  of v e g e t a t i o n  was an impor tan t  f a c t o r  i n  
s e l e c t i o n  of h a b i t a t  by Merriam kangaroo r a t s .  Mesquite v e g e t a t i o n  and 
s p a r s e  s t r u c t u r a l  types  were op t imal ;  cottonwood-willow and s a l t  
cedar-honey mesqui te  v e g e t a t i o n  types  and denser  s t r u c t u r a l  t y p e s  were 
l e s s  p r e f e r a b l e .  P r e f e r e n c e  i n  v e g e t a t i o n  type was more c o n s i s t e n t  i n  
w i n t e r  t h a n  i n  summer. F i d e l i t y  t o  s t r u c t u r a l  type  was q u i t e  h i g h .  
S u b s t r a t e  type may a l s o  be an  impor tan t  h a b i t a t  component f o r  t h i s  
s p e c i e s ,  b u t  we d i d  n o t  c o l l e c t  d a t a  concerning t h e  n a t u r e  of t h e  
s u b s t r a t e .  

Movement and Home Range 

E igh teen  kangaroo r a t s  were t o e  c l i p p e d  w i t h  an i n d i v i d u a l i z e d  sequence.  
E igh teen  were r e c a p t u r e d  a t  l e a s t  once;  t h e  mean number of r e c a p t u r e s  
f o r  females  was 3.56 and f o r  males  1.44 (Tab le  10-9). Data were 
i n s u f f i c i e n t  t o  examine home range a r e a  and movement d i s t a n c e s  accord ing  
t o  sex.  

Home range a r e a  was 0.06 ha  (0.15 a ;  Tab le  10-17). Home range e s t i m a t e  
was based on a  s m a l l  sample. The average  a d j u s t e d  range l e n g t h  was 65.4 
m (214.6 f t )  and t h e  mean d i s t a n c e  between c a p t u r e s  was 36.9 m (121 f t )  
(maximum/minimum, 130115 m [427/49 f t ] ) .  Reynolds (1960) r e p o r t e d  home 
range a r e a  a s  0.17 ha (0.43 a )  f o r  a d u l t  males ,  0.15 ha  (0.38 a) f o r  
a d u l t  f emales ,  and 0.10 ha (0.25 a) f o r  immatures. 
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I I I I I I I I I I 
W S W  S W S W S W S  
1 9 7 4  1975 1 9 7 6  1 9 7 7  1 9 7 8  

F i g u r e  10-9. Changes i n  p o p u l a t i o n  l e v e l  and p e r c e n t  maximum h a b i t a t  
b r e a d t h  of t h e  Merriam kangaroo r a t .  Abbrev ia t ions  as 
i n  F i g u r e s  10-2 and 10-3. 



Vegeta t ion  Management - 404 

.e 10-16. Rank of percent  average h a b i t a t  b read th  f o r  t h e  Merriam 
kangaroo r a t  among vege t a t i on  (A) and s t r u c t u r a l  ( B )  types .  
Abbreviat ions a s  i n  Table 10-7. 

(A) Vegetat ion type 

Summer Winter 

Year SM CW SC HM PL SH SM CW SC HM PL SH 

1974 1 5.5 3 2 4 5.5 2 5 4  3 1 6 

1978 1 4 6 3 2 5  2 1 3 4 6  5 

- --- - - - - - - - -  
TOTAL 9 2 5 . 5 1 6 . 5 1 2  13 27 9 20 15 15 17.5 28.5 

( B )  S t r u c t u r a l  type 
- - - - - - - 

Summer Winter 

Year I I1 111 I V  V V I  I I1 I11 I V  V I V  

1975 5 5 5 3 1  2 5.5 5.5 4 3 1 2 

1976 5.5 5.5 4 3 1 2 6 5 4 3 1 2 

1977 5.5 5.5 4 3 2 1 6 4 5 3 1  2 

1978 5.5 5.5 4 3 2 1 5.5 5.5 3 2 1 4 

- - L .  - - - - -- - - - 
TOTAL 27.5 26.5 20 14 7 10 2 9 25 19 15 5 12 
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Table 10-17. Live trap estimates of home range and movements of the 
Merriam kangaroo rat. Sample sizes in parentheses. 
Abbreviations as in Table 10-7. 

Minimum number of different stations 

Measure 2 3 

Area 

ARL 

DBC 

Mean 

Maximum/ min imum 130.1/30.5 82.0/15.2 
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Sex R a t i o  

There was a  s t a t i s t i c a l l y  e q u a l  number of males  and females  cap tured  i n  
t h r e e  of f o u r  y e a r s  i n  w i n t e r  and i n  two of f o u r  y e a r s  i n  summer ( T a b l e  
10-11). The o t h e r  y e a r s  showed a  s i g n i f i c a n t l y  g r e a t e r  number of males  
t h a n  females .  The average number of r e c a p t u r e s  of females  was g r e a t e r  
t h a n  t h a t  of males .  I f  f emales  were more " t r a p  happy" t h a n  males ,  t h e y  
may have masked t h e  t r u e  s e x  r a t i o .  

Desert Pocket Mouse 

D e s c r i p t i o n  

Mean weight 17.5 gm (0.62 o z ) .  

Upper p a r t s  yellowish-brown t o  yel lowish-gray;  u n d e r p a r t s  whi te  
t o  buf fy ;  l a t e r a l  l i n e  obscure  o r  a b s e n t ;  t a i l  l o n g ,  markedly 
c r e s t e d ,  p e n i c i l l a t e ,  whi te  below proximal t o  t u f t ,  upper s i d e  
of t a i l  and t u f t  dusky ( H a l l  and Kelson 1959:497). 

D i s t r i b u t i o n  

The d e s e r t  pocket mouse was cap tured  i n  a l l  s i x  v e g e t a t i o n  types :  
cottonwood-willow, honey m e s q u i t e ,  screwbean mesqu i te ,  s a l t  c e d a r ,  s a l t  
cedar-honey m e s q u i t e ,  and arrowweed, a t  s i t e s  rang ing  from t h e  Mohave 
D i v i s i o n  t o  t h e  L imi t rophe  D i v i s i o n  ( F i g .  10-1). 

Breeding A c t i v i t y  

High p r o p o r t i o n s  of females  w i t h  embryos occur red  from A p r i l  o r  May t o  
J u l y  o r  August ( T a b l e  10-2). Genera l ly ,  t h e  h i g h e s t  p r o p o r t i o n  occurred 
i n  May. No pregnan t  females  were cap tured  from October  through J a n u a r y ,  
nor  i n  March. There was no s i g n i f i c a n t  d i f f e r e n c e  among y e a r s  i n  t h e  
p r o p o r t i o n  of p regnan t  females .  Stamp and Ohmart (1979) r e p o r t e d  peak 
b reed ing  a c t i v i t y  i n  s p r i n g  ( A p r i l ,  May) and e a r l y  summer ( J u n e ,  J u l y ) .  

L i t t e r  S i z e  and G e s t a t i o n  

The mean number of embryos p e r  l i t t e r  was 4.5 (n  = 65) .  Stamp and 
Ohmart (1979) r e p o r t e d  a  mean of 3 .8  embryos pe r  l i t t e r  ( n  = 16) .  

R e l a t i v e  P o ~ u l a t i o n  S i z e  

The p o p u l a t i o n  s i z e  of t h e  d e s e r t  pocket mouse w a s  s e a s o n a l l y  c y c l i c ,  
w i t h  h ighs  i n  summer and lows i n  win te r .  There w a s  a  s i g n i f i c a n t  
d i f f e r e n c e  i n  p o p u l a t i o n  s i z e  between seasons .  The c o r r e l a t i o n  between 
p o p u l a t i o n  s i z e  and (x and SD) s e a s o n a l  p r e c i p i t a t i o n  was s i g n i f i c a n t  
and n e g a t i v e  ( T a b l e  10-3). -4s p r e c i p i t a t i o n  i n c r e a s e d ,  p o p u l a t i o n  s i z e  
decreased .  Based on Brown's (1973) f i n d i n g s ,  t h e  o p p o s i t e  r e s u l t  would 
be expected.  When r e l a t i v e  p o p u l a t i o n  s i z e  i n c r e a s e d ,  a l l  v e g e t a t i o n  
types  showed a  g r e a t e r  abundance of pocket mice ( T a b l e  10-12, F ig .  
10-10). 
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Figure  10-10. Capture  r a t e s  (N/270 t r a p  n i g h t s )  f o r  t h e  d e s e r t  pocke t  
mouse i n  f o u r  v e g e t a t i o n  t y p e s  a l o n g  t h e  lower Colorado 
River .  A b b r e v i a t i o n s  a s  i n  F i g u r e  10-2. 



Vegetation Management - 408 

Habi ta t  Breadth and Overlap 

The percent  maximum h a b i t a t  breadth and average overlap among vege ta t ion  
types  were s i g n i f i c a n t l y  d i f f e r e n t  between summer and winter  (Tables  
10:3-5). Both measures were higher  i n  summer than i n  winter .  There was 
no s t a t i s t i c a l  d i f f e r ence  i n  average over lap  among s t r u c t u r a l  types 
between seasons (Table 10-5). J va lues  among vege ta t ion  and s t r u c t u r a l  
types were mostly >0.88 i n  summer and >0.74 i n  win ter  (Table 10-16). 
Changes i n  percent  maximum h a b i t a t  b readth  followed changes i n  r e l a t i v e  
populat ion s i z e .  In  a l l  t h r ee  cases  i n  which populat ion s i z e  decreased ,  
J decreased,  and i n  a l l  f i v e  cases  when populat ion s i z e  i nc reased ,  J 
increased (Fig.  10-11). 

In  summary, when population s i z e  i nc reased ,  d i s t r i b u t i o n  of d e s e r t  
pocket mice among h a b i t a t s  became more even, and the  occurrence of 
d e s e r t  pocket mice with the  o the r  small  mammal spec i e s  among vege ta t ion  
types increased.  

Habi ta t  Association 

When we ranked vegeta t ion  and s t r u c t u r a l  types by percent  average 
h a b i t a t  breadth (Table 10-18), summer and winter  s t r u c t u r a l  type and 
winter  vege ta t ion  type were s i g n i f i c a n t l y  c o n s i s t e n t  among yea r s  (Table 
10-8); summer vegeta t ion  type was not .  This ind ica ted  t h a t  t h e  d e s e r t  
pocket mouse did not  show a  vege ta t ion  preference i n  summer. Kendall 's  
c o e f f i c i e n t  of concordance W va lues  were higher  f o r  s t r u c t u r a l  type than  
f o r  vege ta t ion  type ,  but  a l l  va lues  (0.510 t o  0.614) showed t h a t  t h e r e  
were f l u c t u a t i o n s  i n  rank. 

In  winter  screwbean mesquite ranked f i r s t  (according t o  the  sums of 
r anks ) ,  honey mesquite and s a l t  cedar-honey mesquite ranked second, and 
cottonwood-willow, s a l t  cedar ,  and arrowweed ranked t h i r d ,  f o u r t h  and 
f i f t h ,  r e spec t ive ly .  

S t r u c t u r a l  Types I V  and V c o n s i s t e n t l y  ranked f i r s t  and second, 
r e spec t ive ly ,  i n  both seasons. Type V I  changed from f o u r t h  t o  t h i r d  
rank from summer t o  win ter ,  exchanging p laces  wi th  Type 111, which moved 
from t h i r d  to  f o u r t h  rank. Types I and I1 were low ranking i n  winter  
and summer; Type I1 ranked lower i n  win ter  than i n  summer. 

Kendall 's c o e f f i c i e n t  of concordance W t e s t s  showed t h a t  i n  summer, 
vege ta t ion  type was not  a  s i g n i f i c a n t  f a c t o r  i n  h a b i t a t  s e l e c t i o n ,  but  
s t r u c t u r a l  type was. In  w in te r ,  both vege ta t ion  and s t r u c t u r a l  type 
were s i g n i f i c a n t  f a c t o r s  i n  h a b i t a t  s e l e c t i o n .  The d e s e r t  pocket mouse 
p re fe r r ed  mesquite and mesquite mix vege ta t ion  ( i n ' w i n t e r )  and more open 
h a b i t a t s  and avoided arrowweed and s a l t  cedar and more c losed ,  dense 
h a b i t a t s .  These a t t r i b u t e s  of h a b i t a t  s e l e c t i o n  were s imi l a r  t o  those 
of t he  Merriam kangaroo r a t ,  except t h a t  d e s e r t  pocket mice p re fe r r ed  
s a l t  cedar-honey mesquite h a b i t a t .  

Home Range and Movement 

F i f ty-e ight  pocket mice (23 females and 35 males) were toe  c l ipped  with 
an ind iv idua l ized  sequence. Fifty-seven were recaptured a t  l e a s t  once; 
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F i g u r e  10-11. Changes i n  p o p u l a t i o n  l e v e l  and p e r c e n t  maximum 
h a b i t a t  b r e a d t h  of  t h e  d e s e r t  pocket  mouse. Ab- 
b r e v i a t i o n s  a s  i n  F i g u r e s  10-2 and 10-3. 
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Tab le  10-18. Rank of p r o p o r t i o n  of t o t a l  c a p t u r e s  f o r  t h e  d e s e r t  pocket  
mouse. among v e g e t a t i o n  ( A )  and s t r u c t u r a l  ( B )  types .  
Abbrev ia t ions  a s  i n  Tab le  10-7. 

( A )  V e g e t a t i o n  type  

Summer Winter 

Year SM CW SC HM PL SH SM CW SC HM PL SH 

1974 2 6 5 3 4  1 1 5 3 2 6  4 

1978 4 1 5 6 3 2  2 1 5 4 6  3 

---- - - - --- - - 
TOTAL 13 23 .522 .5  16 16 14 8 18.5 20.5 15 28 15 

( B )  S t r u c t u r a l  t y p e  

Summer Winter 

Year I I1 I11 I V  V V I  I I1 111 I V  V V I  

TOTAL 27.5 19.5 17 10 12 19 24 25.5 21 6.5 9.5 15.5 
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the  mean number of recaptures  was 1.74 f o r  females and 1.50 f o r  males 
(Table 10-9). Data were i n s u f f i c i e n t  t o  examine range and movement 
according t o  sex. 

Average home range a rea  was 0.106 ha (0.27 a ;  Table 10-19). The average 
ad jus ted  range length  was 75 m (246 f t )  and the  mean d i s t a n c e  between 
captures  was 53 m (174 f t )  (maximum/minimum, 183/15 m [600/49 f t ] ;  Table 
10-19). These movements were of s i g n i f i c a n t l y  longer  d i s t a n c e  than 
those of the  Merriam kangaroo r a t  (P<0.005, t = 6.79, 25 d f ;  t = =14.56, 
40 d f ,  r e s p e c t i v e l y ) .  

Sex Rat io  

I n  summer of a l l  years  the  number of males was s t a t i s t i c a l l y  equal  t o  
t h e  number of females (Table 10-11). In  w in te r ,  t h r e e  of t he  f i v e  years  
had a s i g n i f i c a n t l y  higher  number of males than females. There was a 
seasonal  d i f f e r e n c e  i n  sex r a t i o ,  with males being more numerous i n  t he  
win ter .  This was probably not  because of d i f f e r e n t i a l  c a t c h a b i l i t y ,  
s i n c e  male and female mean numbers of recapture  were s imi l a r .  

Co-occurrence of Rodent Species  

Overlap va lues  among vege ta t ion  and s t r u c t u r a l  types (Table 10-4) showed 
t h a t  the  deer  mouse and Merriam kangaroo r a t  co-occurred more f r equen t ly  
wi th  the  d e s e r t  pocket mouse than with e i t h e r  t he  cac tus  mouse o r  t he  
white-throated woodrat. The l a t t e r  two spec i e s  a l s o  co-occurred more 
f r equen t ly  wi th  the  d e s e r t  pocket mouse than with e i t h e r  the  deer  mouse 
o r  t he  Merriam kangaroo r a t .  There was a nea r ly  p e r f e c t  degree of 
co-occurrence between the  cac tus  mouse and the  white-throated woodrat. 
among vege ta t ion  and s t r u c t u r a l  types.  

Overlap measures were r e l a t i v e l y  high among a l l  spec ies .  Exceptions 
were over laps  of t he  deer mouse and the  Merriam kangaroo r a t  wi th  t h e  
white-throated woodrat, and the  Merriam kangaroo r a t  with t he  cac tus  
mouse . 

Range of Rare and Uncommon Rodent Species 

We trapped i n  s i x  r i p a r i a n  vege ta t ion  types ,  each with one t o  s i x  
s t r u c t u r a l  types.  Consequently t he  observed range of uncommon spec i e s  
may be a func t ion  of our t rapping  procedure and t h e  types of vege ta t ion  
trapped; t h e s e  spec ies  may a c t u a l l y  show wider ranges.  

Desert  Shrew 

Two specimens taken; one i n  s a l t  cedar and one i n  s a l t  cedar-honey 
mesquite mix i n  Cibola. 

H a r r i s  Antelope S q u i r r e l  

Descr ip t ion  

Upper p a r t s  i n  summer p inkish  cinnamon more o r  l e s s  darkened 
wi th  fuscous; i n  winter  mouse gray; t a i l ,  above and below, 
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Table  19-19. Live  t r a p  e s t i m a t e s  of home range and movements of 
t h e  d e s e r t  pocket mouse. Sample s i z e s  i n  
p a r e n t h e s e s .  Abbrev ia t ions  a s  i n  Table  10-7. 

Minimum number of d i f f e r e n t  s t a t i o n s  

- 

Measure 

Area 

ARL 

DBC 

Mean 
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mixed b l a c k  and w h i t e  ...; i n  b o t h  seasons  having two w h i t e  
s t r i p e s  down back ( H a l l  and Kelson 1959:331). 

D i s t r i b u t i o n  

The H a r r i s  a n t e l o p e  s q u i r r e l  was cap tured  i n  honey mesqu i te  and s a l t  
cedar-honey mesqu i te  on ly  i n  t h e  P a r k e r  and Mohave d i v i s i o n s  d u r i n g  1974 
through 1979. 

Whi te - t a i l ed  Antelope S q u i r r e l  

Upper p a r t s  brownish o r  cinnamon; 2  w h i t e  s t r i p e s  on back 
ex tend ing  from s i d e s  t o  h i p s ;  t a i l  b r o a d l y  w h i t e  o r  w h i t i s h  
below, bordered w i t h  fuscous  b l a c k ;  i n  w i n t e r  p e l a g e  more 
g r a y i s h  ( H a l l  and Kelson 1959:332). 

D i s t r i b u t i o n  

The w h i t e - t a i l e d  a n t e l o p e  s q u i r r e l  was c a p t u r e d  o n l y  i n  sa l t  cedar  and 
o n l y  i n  t h e  Parker  D i v i s i o n .  

Southern Pocket Gopher 

D e s c r i p t i o n  

Color v a r i e s  from b l a c k  t o  a lmost  whi te  a c c o r d i n g  t o  
s u b s p e c i e s  ...; n o t  s h a r p l y  b i c o l o r e d ,  b u t  u n d e r p a r t s  p a l e r  t h a n  
upper p a r t s  ( H a l l  and Kelson 1959:413). 

D i s t r i b u t i o n  

The pocket gopher was cap tured  i n  screwbean mesqu i te  o n l y  i n  t h e  P a r k e r  
D i v i s i o n  over  t h e  f ive -year  pe r iod .  

Reproduction 

H a l l  and Kelson .(1959) r e p o r t e d  t h e  average number of embryos p e r  l i t t e r  
a s  4.8 i n  Nevada ( n  = 63 ,  extremes 2-11). 

Deser t  Kangaroo Rat 

D e s c r i p t i o n  

Upper p a r t s  p a l e  ochraceous buff and remainder of body whi te ;  
v e n t r a l  d a r k  s t r i p e  on t a i l  l a c k i n g  i n  most specimens;  d i s t a l  
3 rd  of t a i l  c r e s t e d ;  long  h a i r  forming c r e s t  dusky, excep t  t h a t  
d i s t a l  25 rnm of t a i l  whi te ;  4  t o e s  on hind f o o t . . . ( H a l l  and 
Kelson 1959:534). 
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D i s t r i b u t i o n  

The d e s e r t  kangaroo r a t  was captured i n  honey mesqui te ,  screwbean 
mesquite,  s a l t  cedar ,  and arrowweed only i n  t h e  Mohave and Parker  
d i v i s i o n s .  

Western Harvest Mouse 

Descr ip t ion  

Upper p a r t s  of va r ious  shades of buf fy  mixed wi th  dark  brown o r  
b l ack i sh  t h a t  sometimes predominates middorsa l ly ;  bu f fy  tones 
pu re s t  on cheeks,  shoulders ,  and f l anks ;  underpar t s  varying 
from dark buff t o  white;  t a i l  b i co lo red ,  darker  above than 
below (Hal l  and Kelson 1959:584), 

D i s t r i bu t ion  

The western harves t  
mesqui te ,  screwbean 
Parker ,  Cibola ,  and 

Reproduction 

mouse was captured i n  cottonwood-willow, honey 
mesqui te ,  s a l t  c eda r ,  and arrowweed i n  t he  Mohave, 
Yuma d i v i s i o n s .  

Hal l  (1946) reported t h a t  i n  Nevada pregnant females contained an 
average of four  embryos (extremes of 1 and 6 ) .  Sv ih la  (1932) repor ted  a 
g e s t a t i o n  per iod of 23-24 days. 

Southern Grasshopper Mouse 

Descr ip t ion  

Upper p a r t s  g r ay i sh  or  p ink ish  cinnamon; underpar t s  white;  t a i l  
above l i k e  upper p a r t s  i n  basa l  213, white  below and d i s t a l l y  
(Ha l l  and Kelson 1959:665). 

D i s t r i b u t i o n  

The southern grasshopper mouse was captured i n  screwbean mesqui te ,  s a l t  
cedar ,  and s a l t  cedar-honey mesquite i n  t he  Mohave, Parker ,  Palo Verde, 
and Limitrophe d i v i s i o n s .  

Hispid Cotton Rat 

Upper p a r t s  coa r se ly  g r i z z l e d ;  b l ack i sh  o r  dark brownish 
h a i r s  i n t e r spe r sed  wi th  buffy o r  g r ay i sh  hairs . . . ;  s i d e s  
u sua l ly  only s l i g h t l y  p a l e r ;  underpar t s  u sua l ly  p a l e  t o  dark  
gray ish . . . ;  t a i l  coa r se ly  annulated,  spa r se ly  ha i r ed . . , (Ha l l  
and Kelson 1959:671). 
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D i s t r i b u t i o n  

The h i s p i d  c o t t o n  r a t  was cap tured  i n  marshes ,  cottonwood-willow, 
screwbean m e s q u i t e ,  s a l t  c e d a r ,  and s a l t  cedar-honey mesqu i te  i n  t h e  
Mohave, P a l o  Verde,  C i b o l a ,  Yuma, and Limit rophe d i v i s i o n s .  They were 
most abundant i n  marshy s i t u a t i o n s .  

Reproduction 

H a l l  and Kelson (1959) r e p o r t e d  t h a t  l i t t e r  s i z e  averaged 5  t o  6  
(extremes of 2  and 12) .  The g e s t a t i o n  p e r i o d  was 27 days .  

Deser t  Woodrat 

D e s c r i p t i o n  

Upper p a r t s  va ry ing  much accord ing  t o  s u b s p e c i e s  bu t  u s u a l l y  
approximately  b u f f y  g ray ;  u n d e r p a r t s  g r a y i s h  o r  f a i n t l y  b u f f y ,  
a l l  h a i r s  plumbeous b a s a l l y ;  t a i l  b i c o l o r e d ,  d a r k  g r a y  o r  dusky 
above,  p a l e  g ray  below ( H a l l  and Kelson 1959:689). 

D i s t r i b u t i o n  

The d e s e r t  woodrat was cap tured  on ly  i n  cottonwood-willow i n  t h e  Mohave 
and Havasu d i v i s i o n s .  

House Mouse 

D e s c r i p t i o n  

Upper p a r t s  l i g h t  brown t o  b l a c k ;  u n d e r p a r t s  w h i t i s h ,  o f t e n  
wi th  b u f f y  wash. T a i l  n o t  s h a r p l y  b i c o l o r ,  b u t  l i g h t e r  below 
than  above ( H a l l  and Kelson 1959:770). 

D i s t r i b u t i o n  

The non-native house mouse was cap tured  i n  cottonwood-willow, honey 
mesqu i te ,  s a l t  c e d a r ,  and s a l t  cedar-honey mesqu i te  i n  t h e  Mohave, 
Havasu, P a r k e r ,  and Yuma d i v i s i o n s .  

DISCUSSION 

The f i v e  r o d e n t  s p e c i e s  c l o s e l y  examined were found i n  a l l  s i x  
v e g e t a t i o n  and s t r u c t u r a l  types  and co-occurred r e l a t i v e l y  r e g u l a r l y .  
We observed s e v e r a l  similarities i n  c h a r a c t e r i s t i c s  among t h e  s p e c i e s ,  
i n c l u d i n g  o n s e t  of b reed ing  and peak of r e p r o d u c t i v e  a c t i v i t y  and 
p o p u l a t i o n  response  t o  s e a s o n a l i t y  and p r e c i p i t a t i o n .  The d e s e r t  pocket 
mouse was u s u a l l y  an excep t ion .  D i f f e r e n c e s  among s p e c i e s  occur red  i n  
l i t t e r  s i z e ,  d i s t r i b u t i o n  among h a b i t a t s  i n  r e l a t i o n  t o  changes i n  
p o p u l a t i o n  s i z e ,  h a b i t a t  a s s o c i a t i o n ,  s e x  r a t i o ,  and movement d i s t a n c e s .  
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Populat ion S t r u c t u r e  

The peak reproduct ive  a c t i v i t y  of t h e  rodents  was between March and J u l y  
o r  August. Desert  pocket mouse reproduct ion  peaked l a t e r  (Apr i l  o r  
May), bu t  reproduct ive  a c t i v i t y  a l s o  extended t o  J u l y  o r  August. 
Po r t i ons  of populat ions of Peromyscus spp. were reproduct ive ly  a c t i v e  
f o r  a  longer  period of time than heteromyid spec ies .  The spec i e s  a l s o  
showed a  d i f f e r e n c e  i n  number of young per l i t t e r .  The d e s e r t  pocket 
mouse and t h e  deer  mouse had l a r g e r  l i t t e r s  (4.5 and 4.2 embryos, 
r e s p e c t i v e l y )  than d id  the  Merriam kangaroo r a t ,  c a c t u s  mouse, and 
white- throated woodrat (2.1, 3 ,  and 2.3 embryos, r e s p e c t i v e l y ) .  

I n  a d d i t i o n  t o  d i f f e r e n c e s  i n  n a t a l i t y ,  sex r a t i o  d i f f e r e d  among t h e  
rodents .  Those spec i e s  with more young per  l i t t e r  ( d e s e r t  pocket mouse, 
deer  mouse) had a  h igher  propor t ion  of males i n  t he  populat ion i n  a t  
l e a s t  one season of t he  year than d id  s p e c i e s  producing fewer young. 
The deer  mouse had a  skewed sex r a t i o  i n  favor  of males year  round. The 
d e s e r t  pocket mouse showed a  skewed r a t i o  i n  favor  of males i n  win te r .  
The cac tus  mouse, white-throated woodrat,  and Merriam kangaroo r a t  d id  
no t  show t h i s  c o n s i s t e n t  t rend i n  sex r a t i o .  The d e s e r t  pocket mouse 
and deer  mouse, those  spec ies  producing more young per l i t t e r  and h igher  
numbers of males ,  a l s o  showed g r e a t e r  average mobi l i ty  than d id  s p e c i e s  
producing fewer young per  l i t t e r  and equa l  sex  r a t i o .  

Di f fe rences  i n  n a t a l i t y ,  sex r a t i o ,  and movement lead  t o  ques t ions  about 
populat ion s t r u c t u r e  and l i f e  h i s t o r y  of t h e  spec ies .  Higher n a t a l i t y ,  
a  g r e a t e r  number of males ,  and g r e a t e r  movement may be i n d i c a t i v e  of a  
h igh  juveni le- to-adul t  r a t i o  and high d i s p e r s a l  and/or m o r t a l i t y .  
Excessive juveni le  o r  f i r s t - y e a r  males have o f t e n  been recorded i n  
mammals and b i r d s  a s  d i s p e r s i v e  and " f loa t e r s . "  Lower n a t a l i t y ,  an 
equal ized sex r a t i o ,  and l e s s  ex t ens ive  movements may be i n d i c a t i v e  of a  
popula t ion  wi th  few o r  no " f l o a t e r s , "  a  h igher  recru i tment - to-d ispersa l  
r a t i o ,  and perhaps a  l e s s  d i s p e r s i v e  populat ion.  

P r e c i p i t a t i o n  and Populat ion S ize  

Brown (1973) i nves t i ga t ed  c h a r a c t e r i s t i c s  of d e s e r t  rodent  communities 
i n  the  Great Basin,  Mohave, and Sonoran d e s e r t s .  He suggested t h a t  
o v e r a l l  rodent  dens i ty  was a s soc i a t ed  w i th  (';: and SD) annual  
p r e c i p i t a t i o n .  He s t a t e d  t h a t  t he  amount of p r e c i p i t a t i o n  i n  a r i d  
environments provides a  good e s t ima te  of n e t  primary p r o d u c t i v i t y  and 
seed product ion and t h a t  p roduc t iv i t y  determines both populat ion s i z e  
and d i v e r s i t y  i n  d e s e r t  rodent communities. 

We t e s t e d  the  a s s o c i a t i o n  of o v e r a l l  rodent dens i ty  and t o t a l  
p r e c i p i t a t i o n  (x and SD) and i t  was no t  s i g n i f i c a n t .  (We used a  
nonparametric t e s t ,  Brown used a  parametr ic  c o r r e l a t i o n  t e s t . )  It 
should be kept  i n  mind t h a t  our d a t a  a r e  from r i p a r i a n  h a b i t a t s  where 
t h e  pe renn ia l  vege t a t i on  i s  phreatophyt ic .  We t e s t e d  t h e  a s s o c i a t i o n  
between spec i e s  seasonal  dens i ty  and seasona l  p r e c i p i t a t i o n  (x and SD). 
No s p e c i e s ,  except t h e  d e s e r t  pocket mouse, showed s i g n i f i c a n t  
c o r r e l a t i o n s ;  t h e  c o r r e l a t i o n  of t h e  d e s e r t  pocket mouse was 
s i g n i f i c a n t l y  negat ive.  These d a t a  were n o t  c o n s i s t e n t  wi th  an 
hypothes i s  t h a t  r a i n f a l l  and, consequent ly ,  p roduc t iv i t y  were d i r e c t l y  
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related to population size in a rodent community in riparian habitats of 
the lower Colorado River valley. 

Beatley (1969) and Van De Graaff and Balda (1973) suggested a similar 
relationship between precipitation, winter annual productivity, and 
reproductive activity in the Merriam kangaroo rat. They concluded that 
autumn rainfall, through its effect on winter annual production, 
directly influenced the reproductive activity of the Merriam kangaroo 
rats. Although the level of rainfall varied among years (Table 10-20), 
the proportion of pregnant females among years was not significantly 
different. This was true for each species. Again our data are from 
riparian habitats, and we conclude that autumn precipitation was neither 
simply nor directly associated with reproductive activity among 
heteromyids or cricetids. 

Rodent Community Structure 

Brown (1973:324), in his comparative desert rodent study, stated: 

One of the most striking characteristics of desert rodent 
communities is that component species differ greatly in body 
size...in each of these areas (Sonoran, Mohave, Great Basin) 
the more diverse communities consist of five or six species 
that show a remarkably regular spacing in body size. 

Of the five common rodent species in the lower Colorado River valley, 
three fall into the same size category. The others are either 
intermediate (Merriam kangaroo rat, 38 g [1.34 oz]) or large 
(white-throated woodrat, 200 g [7.05 oz]). The cactus mouse, deer 
mouse, and desert pocket mouse are all nearly the same size (17.7 g 
[0.62 oz], 18.0 g [0.63 oz], and 17.5 g [0.61 oz], respectively). 
Spati.al overlap measures showed that these species co-occurred 
frequently among vegetation and structural types. 

Brown (1973) reported a horizontal (spatial) foraging overlap between 
the deer mouse and the desert pocket mouse of 0.55. Our overlap 
measures ranged from 0.704 (average vegetation type summerlwinter) to 
0.802 (average structural type summer/winter). Brown's (1973) method of 
overlap measure differed from ours, but his inference was that there was 
low co-occurrence of the two species. That is, the two species used 
different microhabitats as a means of separation since they ate the same 
type of seeds. Our data indicate relatively high spatial co-occurrence 
with some separation by optimal habitat (habitats harboring the greatest 
proportion of a species abundance). The community. of rodents in the 
lower Colorado River valley included three similarly small-sized 
rodents. But either optimal vegetation or optimal structural types, or 
both, in summer or winter were different among the three species. The 
three species co-occurred regularly, but habitat preferences resulted in 
greatest proportions of the species populations being separated in at 
least some portion of the year. 
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Table 10-20. Average r a i n f a l l  i n  cm from August-December 1973- 
1978 a t  t he  Davis and Pa rke r ,  Arizona weather 
s t a t i o n s .  

Average r a i n f a l l  

Year Davis Parker  
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Species  Populat ion D i s t r i b u t i o n  

A l l  spec i e s ,  wi th  t h e  except ion of the  d e s e r t  pocket mouse, showed no 
s i g n i f i c a n t  seasonal  d i f f e r e n c e  i n  r e l a t i v e  popula t ion  s i z e ,  evenness of 
d i s t r i b u t i o n  among h a b i t a t  types ,  o r  average over lap  among vege ta t ion  o r  
s t r u c t u r a l  types.  The d e s e r t  pocket mouse had h igher  va lues  of t h e s e  
measures i n  summer than i n  winter .  

Cycl ic  or  asynchronous seasonal  i nc reases  and decreases  i n  populat ion 
s i z e s  were present  even though seasonal  d i f f e r e n c e s  i n  populat ion s i z e  
were not  s i g n i f i c a n t .  Among the c r i c e t i d  roden t s ,  t he  changes i n  
populat ion s i z e  were oppos i te  t o  the  changes i n  percent  maximum h a b i t a t  
breadth.  This t rend  was c l e a r e r  f o r  t he  deer  mouse and the  
white-throated woodrat than f o r  t he  cac tus  mouse. For t he  heteromyid 
rodents ,  t he  changes i n  percent  maximum h a b i t a t  b readth  followed t h a t  of 
populat ion s i z e .  When c r i c e t i d  populat ion s i z e s  showed an i n c r e a s e ,  
t h e i r  d i s t r i b u t i o n  among vege ta t ion  types became more r e s t r i c t e d .  
Conversely, when heteromyid populat ion s i z e s  i nc reased ,  t h e i r  
d i s t r i b u t i o n  among vege ta t ion  types expanded and they approached a  more 
even d i s t r i b u t i o n .  

Fre twel l  (1972) advanced a  theory of h a b i t a t  d i s t r i b u t i o n .  It d e a l s  
with idea l - f r ee  and idea l -despot ic  models and cons iders  two assumptions: 
( 1 )  animals s e l e c t  a  h a b i t a t  b e s t  su i t ed  t o  t h e i r  s u r v i v a l  and 
reproduct ion,  and ( 2 )  an animal 's chance of reproduct ive  success  i s  
equal  t o  t h a t  of o the r  i nd iv idua l s  when i t  i s  i n  h a b i t a t s  of equal 
s u i t a b i l i t y .  

In  the  idea l - f r ee  d i s t r i b u t i o n  model, an ind iv idua l  s e l e c t s  a  most 
s u i t a b l e  h a b i t a t  (H ). Those a r e a s ,  then ,  a r e  occupied f i r s t .  A s  
dens i ty  i n c r e a s e s ,  khe s u i t a b i l i t y  of t h a t  h a b i t a t  (Hi) decreases ,  and 
eventua l ly  an unoccupied h a b i t a t  previously of lower s u i t a b i l i t y  (H ) 2 becomes equ iva l en t ly  o r  more s u i t a b l e  than H1 and the  animals move I n t o  
the  most s u i t a b l e  h a b i t a t ,  now H2. This may occur through a  s e r i e s  of 
h a b i t a t s  during increas ing  populat ion dens i ty ;  t h e  a d d i t i o n a l  animals 
d i s t r i b u t e  i n  a l l  H1...Hn h a b i t a t s  i n  propor t ions  (no t  n e c e s s a r i l y  
equa l ) ,  so t h a t  a l l  h a b i t a t s  remain equa l ly  s u i t a b l e .  

According t o  t h i s  model, we would expect an inc rease  i n  percent  maximum 
h a b i t a t  breadth with an increas ing  popula t ion  s i z e .  Dens i t i e s  i n  each 
h a b i t a t  would not  n e c e s s a r i l y  be equal .  The heteromyid rodents  showed 
changes i n  percent  maximum h a b i t a t  breadth t h a t  followed t h e  same 
p a t t e r n  a s  populat ion s i z e ;  t h u s ,  t h e i r  d i s t r i b u t i o n  was cons i s t en t  wi th  
t h e  idea l - f r ee  d i s t r i b u t i o n  model. 

I f  dominance o r  t e r r i t o r i a l i t y  a r e  despo t i c ,  an organism does not have a  
f r e e  choice i n  s e l e c t i n g  a  h a b i t a t .  D i s t r i b u t i o n ,  t h e r e f o r e ,  fol lows a  
d i f f e r e n t  model. I f  an animal s e l e c t s  a  h a b i t a t  a s  most s u i t a b l e  but  
must e n t e r  i t  a t  some r i s k ,  then the  s u i t a b i l i t y  i s  decreased. The 
animal is faced wi th  t h e  a l t e r n a t i v e s  of en t e r ing  a t  r i s k  o r  s e l e c t i n g  a  
l e s s  s u i t a b l e  h a b i t a t .  Thus, the  idea l -despot ic  model d i f f e r s  from t h e  
idea l - f r ee  model i n  t h a t  occupants of d i f f e r e n t  h a b i t a t s  a r e  not a l l  
enjoying equal  chances of success .  By mathematical means Fre twel l  
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(1972:102) explained that suitability (chance of success) is higher in 
habitats of higher density if a population has an ideal-despotic 
distribution. 

In an ideal-despotic model we would expect most suitable habitats to 
harbor the highest proportion of total density when the population 
increased. As population size increased, distribution would be 
restricted to high suitability habitats. When deer mouse and 
white-throated woodrat population sizes increased, their percent maximum 
habitat breadth decreased and distribution became restricted. During 
periods of increases, populations rose in high ranking (preferred) 
habitats and declined or showed no change in low ranking (less optimal) 
habitats. This was not the case with the heteromyids. When the desert 
pocket mouse and Merriam kangaroo rat populations increased, all habitat 
types (high and low ranking) showed a population increase. Therefore, 
distributions of deer mice and white-throated woodrats were consistent 
with the ideal-despotic model. 

Correspondence with these theoretical models was based on trends in the 
data. To test Kendall's coefficient of concordance W, we need to 
examine the success (winter survival and reproductive success) of these 
rodents among the habitats. We would expect equal success among 
habitats in the heteromyids and unequal success among habitats in the 
cricetids. These theoretical distributional models relate to theories 
of density regulation, the role of dominance and territorial behavior, 
and predictions of distribution at different population sizes (Fretwell 
1972). Therefore, if these rodent populations do correspond to these 
distributional models, much information could be gained from testing of 
hypotheses generated from the models. 

Species Habitat Breadth 

The five numerically dominant rodent species showed relatively high 
percent maximum habitat breadths in both seasons among vegetation and 
structural types. Species distributions were generally 70 to 90% of 
maximum. An exception was the Merriam kangaroo rat, whose distribution 
among structural types was <65% of maximum. The five species showed 
habitat preferences, but individuals were widely distributed and we did 
not consider them to be habitat specialists. 

CONCLUSIONS 

Management of small rodent communities is probably not a current 
objective of most wildlife managers. Yet an understanding of the 
fundamental characteristics of reproductive activity and populations of 
the rodent species is an important contribution to' the natural history 
of riparian faunal communities. Small rodents are an important food 
resource for a number of animals, such as larger mammals and predatory 
birds and reptiles. 

We have determined the period of greatest breeding activity and litter 
sizes for the common rodent species, and we know from the literature 
when young of the year are incorporated into the population. Other 
characteristics suggest that there may be differences in population 
structure among species. 
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Habitat associations were identified for the common species; these were 
relatively consistent between seasons. Species distributions among 
vegetation and structural types were generally 70 to 90% of maximum. 

The distribution of species abundance among habitat types showed trends 
that were consistent with theoretical models. These models generate 
hypotheses which need further testing, because they contain predictive 
potential about distribution at different population sizes. 

The relation of population size to precipitation was not consistent with 
previous findings in the literature. It may be that riparian habitats 
in desert climates influence rodent populations through factors 
different from those of desert scrub habitats. The relations between 
rainfall, productivity, and rodent populations need more intensive study 
as a consequence of the dichotomy of results. 

In summary, we have identified some fundamental characteristics of 
rodent species in the lower Colorado River valley that will provide 
important reference information and that will also relate to research on 
community structure and population distribution. 
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CHAPTER 11 

RELATIONSHIPS OF RODENTS TO RIPARIAN VEGETATION 

INTRODUCTION 

The previous chapter discussed breeding biology and general habitat 
preferences of small mammals found in riparian vegetation. This chapter 
examines relationships between each small rodent species and specific 
vegetation characteristics. Vegetation variables considered in analyses 
are the same variables used in determining avian use of riparian 
vegetation (Chapter 5). Similarities in rodent habitat preference are 
examined and recommendations for management are proposed. 

METHODS 

Densities of several species of rodents were low each year, and often 
animals were not caught in all vegetation types. In these cases, 
densities were averaged over five years for each season. When rodents 
were even scarcer, it was necessary to average densities across seasons 
as well as across years. Average rodent densities were used as 
dependent variables in analyses. Vegetation variables (VPC's; see 
Chapter 2 and Appendix 5-1) were also averaged across years. These 
averages were used as independent variables. Vegetation variables were 
raised to the second, third, and fourth powers in order to detect 
certain curvilinear relationships between rodents and vegetation. (See 
Chapter 2 for discussion of Principal Components Analysis [PCA] and the 
use of polynomials to detect curvilinearity.) Because averaging 
eliminated much of the variance, other methods of assessing rodent 
species-vegetation relationships were employed, including analysis of 
variance . 
A two-way analysis of variance examined differences in rodent densities 
between vegetation types; this analysis included densities of small 
mammals in each of the five vegetation types during each of the five 
years. This analysis indicated broad preferences for particular 
vegetation types without regard to foliage structure, except that 
various types of dominant vegetation were associated with particular 
foliage configurations. For example, arrowweed is highly associated 
with low-level foliage, cottonwood-willow habitats tend to have high 
foliage density and diversity, and honey mesquite is associated with 
sparser vegetation. 

Another analytical technique employed calculated the probability of 
occurrence of each rodent species in each of the 23 habitat types. 
These probabilities were then correlated with the average vegetation 
factor scores for each habitat type (see Chapter 2 and Appendix 5-1). 
Results from such an analysis should be highly correlated with the 
results obtained using average densities in the correlation analysis if 
high densities are clearly associated with consistent occurrence. If 
rodent densities fluctuated from zero to some high density, the 
probability of occurrence would not be highly correlated with densities. 
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Considerable populat ion f l u c t u a t i o n  i s  ind ica t ed  when t h e  h ighes t  
p robab i l i t y  of occurrence i n  any vege ta t ion  type i s  s u b s t a n t i a l l y  below 
1.0 and when the  r e s u l t s  of c o r r e l a t i o n  a n a l y s i s  using mean d e n s i t i e s  
a r e  d i f f e r e n t  from r e s u l t s  f o r  p r o b a b i l i t y  of occurrence.  

RESULTS AND DISCUSSION 

To ta l  Trapping E f f o r t  

Analyses i n  t h i s  chapter  a r e  based on monthly t rapping  over 63 months, 
i n  23 h a b i t a t  types (Table 11-1). I n  a l l ,  we s e t  ou t  814 t r a p  l i n e s  f o r  
a  t o t a l  of 219,780 t r a p  n igh t s .  Among t h e  rodents  caught ,  one group, 
including f i v e  s p e c i e s ,  composed 98% of t o t a l  cap tu re s  (Table 11-1). 
Species  i n  t h i s  group were r e l a t i v e l y  c o n s i s t e n t l y  caught i n  both t h e  
warm and cool  seasons. The numerical ly  dominant rodent  i n  t h e  group was 
t h e  cac tus  mouse, which composed 60% of t o t a l  cap tures .  

A second group of f i v e  rodent  spec i e s  accounted f o r  2% of t o t a l  cap tu re s  
(Table 11-1). These spec i e s  were uncommon a t  a l l  t imes; d a t a  were 
pooled ac ros s  seasons and years  i n  order  t o  have a  s u f f i c i e n t  sample t o  
make meaningful analyses .  Even then ,  t he  b e s t  we could do was t o  l i s t  
h a b i t a t s  where house mice and co t ton  r a t s  occurred.  Quan t i f i ca t ion  
beyond t h i s  w a s  no t  meaningful. 

Cactus Mouse 

This spec ies  was a s soc i a t ed  wi th  VPCl (h igh  f o l i a g e  d e n s i t y  and 
d i v e r s i t y )  and VPC3 (low-level f o l i a g e )  more f r equen t ly  than wi th  o t h e r  
der ived v a r i a b l e s  ( t o t a l s  a r e  from d a t a  i n  Table 11-2). Using binomial 
expansion, we concluded t h a t  VPCl was se l ec t ed  s i g n i f i c a n t l y  more 
f r equen t ly  (P<0.007) and VPC2 l e s s  f r equen t ly  (P<0.001) than expected by 
chance alone, Fu r the r ,  t he  chances of having n z e  p o s i t i v e  a s s o c i a t i o n s  
with VPCl were small  (P<0.0001). The chances of g e t t i n g  e i g h t  nega t ive  
sco res  f o r  VPC3 were a l s o  small  (P<0.0001). Therefore w e  concluded t h a t  
t h e  cac tus  mouse was a t t r a c t e d  by?ense and d i v e r s e  f o l i a g e  but  tended 
t o  avoid a r e a s  with low, dense vegeta t ion .  This  tendency was not  q u i t e  
s i g n i f i c a n t  (P<0.071). - 
The mean c o r r e l a t i o n  c o e f f i c i e n t  between cac tus  mouse d e n s i t i e s  and t h e  
vegeta t ion  was r  = 0.620, SD = 0.142 during t h e  warm seasons of 
April-October (Table 11-2) and r = 0.709, SD = 0.073 i n  t he  cooler  
por t ion  of the  year (November-March; Table 11-2). This d i f f e r e n c e  was 
not  s i g n i f i c a n t  ( 4  d f ,  P>0.05) but  sugges ts  a  somewhat s t ronge r  tendency 
f o r  cac tus  n i c e  t o  s e l e c t  o r  surv ive  i n  v e g e t a t i o n w i t h  g r e a t e r  f o l i a g e  
dens i ty  and d i v e r s i t y  a t  upper l e v e l s  and t o  avoid o r  p e r i s h  i n  a r e a s  
with g r e a t e r  f o l i a g e  dens i ty  and d i v e r s i t y  a t  low l e v e l s .  

From Appendix 5-1, we  can see  t h a t  vege ta t ion  types  SB I1 and I V ,  CW I, 
11, 111, and I V ,  and SC I were c o n s i s t e n t l y  a s soc i a t ed  wi th  high sco res  
on VPC1, and t h a t  s t r u c t u r a l  types V and V I  and arrowweed were 
c o n s i s t e n t l y  a s soc i a t ed  wi th  VPC3. Thus we would p r e d i c t  s i g n i f i c a n t  
d i f f e r ences  across  h a b i t a t  types i n  both dominant vege ta t ion  and 
s t r u c t u r a l  types.  High d e n s i t i e s  of cac tus  mice should occur i n  h a b i t a t  
types assoc ia ted  wi th  VPCl and low d e n s i t i e s  should occur i n  h a b i t a t s  
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Table 11-1. Nocturnal  r oden t s  caught over  a f i ve -yea r  per iod  i n  r i p a r i a n  
v e g e t a t i o n  a long  t h e  lower Colorado River .  

Number caught 

Spec ies  
Warm season  Cool Season Percen t  Cumulative 

(Apr-Oct) (Nov-Mar) T o t a l  of t o t a l  pe r cen t  

Common a t  a l l  seasons  

Cactus mouse 

Deser t  pocket mouse 

Merriam kangaroo r a t  

Deer mouse 

White-throated woodrat 

* 
Scarce a t  a l l  seasons  

Southern grasshopper  mouse 

Western h a r v e s t  mouse 

Deser t  kangaroo r a t  

House mouse 

Hispid  c o t t o n  rat 

* 
Trap r e s u l t s  n o t  t abu l a t ed  by season.  
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Table 11-2. Results of multiple linear regression analysis for cactus 
mouse densities (dependent variables) and vegetation 
principal components (independent variables) for the warm 
(April-October) and cool (November-March) times of year. 

Seasonlyear Equation 
Mu1 t iple 

R F df 

Warm - 
1974 

1975 

1976 

1977 

1978 

Cool - 
1974-75 

1975-76 

1976-77 

1977-78 

1978-79 
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a s soc i a t ed  wi th  VPC3; t h i s  d i f f e r e n c e  i n  d e n s i t y  may be g r e a t e r  i n  t h e  
cool  time of t h e  year .  Two-way a n a l y s i s  of va r i ance  (ANOVA) revea led  
s t rong  support f o r  a l l  of t he se  p r e d i c t i o n s  (Tables  11-3 and 11-4). One 
s u r p r i s e ,  however, was t h a t  mixed communities of s a l t  cedar and honey 
mesquite had more cac tus  mice than was pred ic ted  by t h e  c o r r e l a t i o n  
a n a l y s i s .  It i s  a l s o  i n t e r e s t i n g  t o  no te  t h a t  t h e  e x o t i c  s a l t  c eda r ,  
e s p e c i a l l y  more mature s t a n d s ,  appa ren t ly  supported l a r g e s t  popula t ions  
of cac tus  mice. 

Another po in t  of i n t e r e s t  i s  t h a t  f o r  t he  cool  t ime of y e a r ,  t h e r e  was a  
s i g n i f i c a n t  d i f f e r e n c e  i n  cac tus  mouse d e n s i t i e s  between years  (Table  
11-4). There was a  tendency f o r  popula t ions  t o  be lower i n  t h e  t h i r d  o r  
f o u r t h  year .  This t rend  was a l s o  apparent  i n  t h e  warm t i m e  of year  
(Table 11-3), a l though i t  was not  s t a t i s t i c a l l y  s i g n i f i c a n t  (P>0.05). 

Deser t  Pocket Mouse 

This  spec i e s  was l a r g e l y  i n a c t i v e  i n  win te r ;  during t h a t  t ime,  t h e  
spec i e s  was p o s i t i v e l y  a s soc i a t ed  wi th  honey mesqui te  o r  w i th  honey 
mesquite mixed wi th  s a l t  cedar and shrubs (VPC2). Curv i l i nea r  
a s s o c i a t i o n s  were common, i n d i c a t i n g  t h a t  t h e  d e s e r t  pocket mouse 
favored moderate f o l i a g e  d e n s i t i e s ;  d e s e r t  pocket mouse d e n s i t i e s  
dec l ined  a s  vege t a t i on  became denser  o r  spa r se r  (Table  11-5). Deser t  
pocket mice tended t o  avoid a r e a s  of h igh  f o l i a g e  d e n s i t y  and d i v e r s i t y  
(VPC1) and thus were absent  o r  occurred i n  low numbers i n  a r e a s  where 
t h e  cac tus  mouse reached peak populat ions.  Regression equa t ions  f o r  
each year  a r e  presented i n  Table 11-5. 

Honey mesquite and mixed honey mesqui te-sal t  cedar  communities were t h e  
only v a r i a b l e s  loading r e l a t i v e l y  h igh  on VPC2. We would p r e d i c t  
popula t ions  of t he  d e s e r t  pocket mouse t o  be sma l l e s t  i n  
cottonwood-willow and s a l t  cedar communities. Negative c u r v i l i n e a r i t y  
of t h e  r e l a t i o n s h i p  i nd i ca t ed  t h a t  moderately dense vege t a t i on  supported 
g r e a t e r  numbers of t h i s  rodent  spec i e s  than e i t h e r  dense o r  spa r se  
vege t a t i on .  The two-way ANOVA gave gene ra l  support  t o  t h e  conclusion 
t h a t  Type I V  ( i n t e rmed ia t e )  vege t a t i on  supported t h e  l a r g e s t  popula t ions  
of t he  d e s e r t  pocket mouse (Table  11-6). This t rend  was s i g n i f i c a n t  i n  
t h r e e  of t he  fou r  vege t a t i on  types t e s t e d .  Cottonwood-willow 
communities supported t he  sma l l e s t  popula t ions ,  bu t  con t r a ry  t o  
p r e d i c t i o n ,  t h e  l a r g e s t  numbers of d e s e r t  pocket mice were t rapped i n  
arrowweed. Honey mesqui te ,  p red ic ted  t o  have t h e  l a r g e s t  d e n s i t y  of 
d e s e r t  pocket mice, was second t o  arrowweed. 

Analysis of win te r  h a b i t a t  a s s o c i a t i o n s  was hampered by low popula t ions .  
Dens i t i e s  a t  t h i s  time of year were averaged f o r  a l l  f i v e  yea r s .  
Resu l t ing  averages were used i n  mu l t i p l e  r eg re s s ion  a n a l y s i s  (Table  
11-5). This ind ica ted  t h a t  t he  g r e a t e s t  number of d e s e r t  pocket mice 
occurred i n  a r ea s  with screwbean mesquite,  honey mesqui te ,  and shrubs;  
d e s e r t  pocket mice were l e a s t  abundant i n  a r ea s  wi th  h igh  f o l i a g e  
d e n s i t y  and d i v e r s i t y .  Both r e l a t i o n s h i p s  were l i n e a r  and accounted f o r  
61% of t he  var iance .  The d e s e r t  pocket mouse o f t e n  was no t  p r e sen t  i n  
some vege t a t i on  types  i n  t he  cool  time of t he  year .  We wished t o  s e e  i f  
t h e r e  was a  r e l a t i o n s h i p  between occurrence of t h i s  spec i e s  and 
occurrence of some element of t he  vege ta t ion .  We f i r s t  c a l cu l a t ed  t h e  
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Table 11-3. Analysis of variance for the cactus mouse for the warm 
season. CW = cottonwood-willow, HM = honey mesquite, SC = 
salt cedar, SB = screwbean mesquite, - AW = arrowweed, SH = 
salt cedar-honey mesquite. x = mean, N/270 TN = number 
caught per 270 trapnights. A significant (P<0.05) F 
statistic indicated by an asterisk for struzural types 
means that for the vegetation type listed at the top of the 
column there was a consistent tendency across years for 
more rodents to have been caught in one structural type and 
fewer in some other type. This structural type can be 
identified by studying the numbers in the column. A 
significant F statistic across years means that in one of 
the years rodents were consistently more abundant in a 
given vegetation type than in other years, regardless of 
structural type. 

Mean N/270 TN 

Structural Type 

I 

I1 

TI1 

I V  

v 

v I 

F 

df 

Years 

1974 

1975 

1976 

1977 

1978 
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Tab le  11-3. ( c o n t . )  

Mean N/270 TN 

Annual 
cw ma sc S B ~  A W ~  S H ~  ~ 1 2 7 0  TN 

Vege ta t ion  - 
xN/270 T N ~  12.6 6.7 17.2 7.5 6.6 18.1 

a  
Some s t r u c t u r a l  t y p e s  n o t  a v a i l a b l e  f o r  s tudy .  

b~ = 3.3,  d f  = 5 / 2 0 ,  0.025>P>0.01. 
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Table 11-4. Analysis of variance for the cactus mouse for the cool 
season (November-March). Abbreviations as in Table 11-3. 
Asterisk indicates P<0.05. Interpretations can be made as 
explained in Table 11-3. 

Mean N/270 TN 

Annual 
cw ma sc S B ~  A W ~  S H ~  Z ~ 1 2 7 0  TN 

Structural Type 

I 

I1 

I11 

IV 

v 

v I 

F 

d f 

Years 

1974-75 

1975-76 

1976-77 

1977-78 

F 

d f 

Vegetation - 
a 1 2 7 0  T N ~  

a Some structural types not available for study. 
b~ = 9.3, df = 5 / 2 0 ,  P<0.001. 
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Table 11-5. Results of multiple regression analysis for desert pocket 
mouse captures (dependent variable) and vegetation 
principal components (independent variables) for the warm 
(April-October) and cool (November-March) times of the 
year. Asterisk indicates P<0.05. - Interpret according to 
explanation in Table 11-3. 

Seasonlyear Equation 
Multiple 

R F d f 

Warm - 
1974 

1975 

1978 

Cool 

All years 
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Table 11-6. Analysis of variance for the desert pocket mouse for the 
warm- season (April-October) . ~bbreviations as in Table 
11-3. Asterisk indicates P<0.05. See Table 11-3 for - 
further explanation. 

Mean N/270 TN 

- Annual c w H M ~  sc S B ~  A W ~  S H ~  x N/270 TN 

Structural Type 

I 0.08 - 2.0 - - - 

II 3.00 - 3.0 0.2 - - 
111 0.10 1.78 2.3 3.5 - - 

Years 

1974 

1975 

1976 

1977 

1978 

F 

Vegetation - 
xN/270 T N ~  1.6 3.8 3.2 2.6 4.2 3.3 

a Some structural types not available for study. 

b~ = 1.1, df = 5/20, P is NS. 
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probability of occurrence of desert pocket mice within each habitat type 
as the number of times present divided by the five years of the study. 
We used these values in the same stepwise multiple linear regression 
analysis as we did for the average densities. This resulted in a 
significant equation: 

P of occurrence = 0.35 + -0.23VPCl + 0.23VPC4 - 

(multiple R = 0.781, F = 15.7, df = 2/20, P<0.001), which indicated that 
desert pocket mice had the least probability of being found in areas 
with greatest foliage density and diversity and were most likely to 
occur in areas with honey mesquite. Thus the vegetation characteristics 
important in predicting densities of desert pocket mice are similar to 
those used for predicting probability of occurrence. 

The ANOVA indicated that desert pocket mouse densities were not 
significantly associated with any vegetation type in the cool time of 
the year, although the mean density was largest in screwbean mesquite 
habitats (Table 11-7). The analysis indicated a significant difference 
(50.05) in densities between years, with smallest catches in 1977-1978 
and largest in 1974-1975. 

White-throated Woodrat 

Densities of white-throated woodrats were relatively stable throughout 
the year; thus densities for this species were averaged for each season 
over the five years. These mean densities were found to be correlated 
with the vegetation in both seasons. The regression equations were as 
follows : 

1 log (1 + N/270 TN in summer) = 0.24 + 0 . 4 7 ~ ~ ~ 3 ~  + 0.22VPC4 + 
0. 17vpcJ0 

(multiple R = 0.676, F = 5.3, df = 3/19, P<0.01). 

2. 1% (1 + N/270 TN in winter) = 0.18 + (-3.61VPC3) + 0.35VPCl + 
0.1 ~VPC!! 

(multiple R = 0.768, F = 9.1, df = 3/19, P<0.001). 

In both the cool season and the warm season, low-level vegetation (VPC3) 
was avoided to at least some extent (negative and squared relationships 
to PC3). In summer, white-throated woodrats avoided places where low- 
level vegetation was moderately dense (negative PC3), but they were 
present where low vegetation was absent or very dense. In summer, 
white-throated woodrats were also associated with screwbean mesquite 
(positive PC4) and honey mesquite trees (positive PC~). In winter, they 
selected areas with high foliage density and diversity (positive PC1) 
and honey mesquite trees, but they preferred honey mesquite when foliage 
was very dense. White-throated woodrats were also present where honey 
mesquite was absent but salt cedar trees were very dense. 

The ANOVA between white-throated woodrat densities in the various 
communities was significant (P<0.001) and indicated that in the warm 
time of year greatest mean densities occurred in screwbean mesquite and 
cottonwood-willow and lowest densities occurred in arrowweed (Table 
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Table 11-7. Analysis of va r i ance  of d e s e r t  pocket mouse cap tu re s  i n  
w in te r  showing the  vege ta t ion  e f f e c t  and the  annual e f f e c t .  
As t e r i sk  i n d i c a t e s  - P<0.05. 

Type of 
dominant Mean dens i ty  

vege ta t ion  (N/270 TN) By year N/270 TN 
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11-8). This corresponds closely with results of the multiple linear 
regression analysis. In the cool time of year, the ANOVA revealed the 
same trend (Table 11-8), but it was not statistically significant 
because of wide fluctuations in numbers of woodrats caught from year to 
year. 

Finally, equations for predicting the probability of occurrence (PO) 
were as follows: 

1. Warm season PO = 0.72 + 0.16VPC2 + 0.12VPC4 
(R = 0.593, F = 5.4, df = 2/20, O.O5>P>O.O25). 

2. Cool season PO = 0.70 + (-0.16VPC3) 
( R  = 0.469, F = 5.9, df = 1/21, 0.005>P>0.001). 

Thus the probability of occurrence is not well predicted by the 
vegetation, even though it is statistically significant. In the warm 
season, white-throated woodrats tended to occur in greatest numbers in 
both honey mesquite habitat with shrubs and screwbean mesquite areas. 
In the cool season, white-throated woodrats were least likely to be 
present in areas with relatively dense vegetation at low levels. This, 
in general, supports the analysis using N/270 TN. 

Merriam Kangaroo Rat 

Merriam kangaroo rat densities were averaged across all five years for 
each season. During the warm season, the regression equation was as 
follows : 

Standardized N/270 TN = -0.35 + (-1.1VPCl) + 0.42VPC4 + 0.25VPC2 
(multiple R = 0.792, F = 6.8, df = 5/17, 0.005<P<0.001). Thus Merriam 
kangaroo rats avoided vegetation with high density and diversity (VPC1) 
and were attracted to areas with screwbean mesquite trees (VPC4) and 
honey mesquite trees with shrubs (VPC2). 

From these results, we would predict the ANOVA to indicate a preference 
for screwbean mesquite and honey mesquite. There were too many 
communities with no measurable number of Merriam kangaroo rats to do an 
ANOVA by structural types, but since cottonwood-willow habitats tend to 
be above average on VPC1, low densities of Merriam kangaroo rats in 
these communities would be predicted. The ANOVA did, in fact, support 
the results of the correlation (Table 11-9). 

Although differences among years were not sufficiently systematic to be 
statistically significant, average catches were greatest the first two 
years and lowest in 1977. 

Probability of occurrence showed the following correlation with the 
vegetation: 

PO in warm season = 0.42 + (-0.45VPCl) + 0.27VPC4 + 0.02VPC3 + 0.55VPC4 2 
(multiple R = 0.881, F = 15.7, df = 4/18, 0.005<P<0.001). This 
indicates that Nerriam kangaroo rats were consis~ently absent from areas 
with high foliage density and diversity (VPCl), and that they were 
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Table 11-8. Analysis of variance of white-throated woodrat captures 
showing the vegetation effect and annual effect for the 
warm (April-October) and cool (November-March) times of 
year. Asterisk indicates P<0.05. Abbreviations as in - 
Table 11-3. 

Type of 
dominant Mean density 

Season vegetation (N/270 TN) By year 

Warm 

Cool 
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Table 11-9. Analysis of variance of Merriam kangaroo rat densities 
showing the vegetation and annual effects for the warm 
(April-October) season. Asterisk indicates - P<0.05. 
Abbreviations as in Table 11-3. 

Type of 
dominant 

vegetation 
Mean density 
(N/270 TN) By year 
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consistently associated with screwbean mesquite. This agrees closely 
with the preceding analysis but varies in predicting occurrence of 
Merriam kangaroo rats in honey mesquite habitats with shrubs. This 
indicates that their presence in honey mesquite was inconsistent. 

In the cool season, the regression equation was as follows: 

Standardized N/270 TN = -0.22 + (-0.65VqCl) + 0.51VPC4 + 0.52VPC3 + 
0.46VPC4 

(multiple R = 0.742, F = 5.5, df = 4/18, 0.005<P<0.001). This indicates 
that in the cool time of year, Merriam kangaroorats were associated 
with screwbean mesquite (VPC4) and avoided areas with high foliage 
density and diversity (VPC1). Contrary to the warm season, however, 
they were not strongly associated with honey mesquite and shrubs (VPC2). 
Merriam kangaroo rats were also associated with low level foliage 
density and diversity (VPC3). This correlation accounted for 55% of the 
variance in the data. 

Since there were too many habitats where there were no Merriam kangaroo 
rats, ANOVA by structural type could not be done. ANOVA by dominant 
vegetation did not lend significant support to the correlation analysis. 
Greatest numbers of Merriam kangaroo rats were caught in screwbean 
mesquite and salt cedar (loading was high on VPC4 and VPC3, 
respectively) and fewest were found in cottonwood-willow habitats 
(loading high on VPC1). The trend was not consistent enough across 
years to reach statistical significance. The regression equation for 
probability of occurrence is as follows: 

PO cool season = 0.45 + (-O.llVPC1) + 0.35VPC3 + 0.19VPC4 + 0 . 5 4 ~ ~ ~ 4 ~  
(multiple R = 0.733, F = 5.2, df = 4/18, 0.01<P<0.005). - 

This is in close agreement with the correlation analysis in that it 
indicates that Merriam kangaroo rats avoided areas with high foliage 
density and diversity (VPC1) and preferred screwbean mesquite (VPC4) and 
other habitats with low-level vegetation (VPC3). The correlation 
accounted for 54% of the variance in the data on occurrence of Merriam 
kangaroo rats. 

Deer Mouse 

The deer mouse was frequently absent in several habitat types or was 
caught in small numbers. Therefore the data for the correlation 
analyses are for average numbers caught over five years; seasons were 
not separated. The regression equation was as follows: 

Standardized N/270 TN = 0.33 + (-0.83VPC2) + 0 . 2 2 ~ ~ ~ 2 ~  + (-0.19VPC4) 
(multiple R = 0.717, F = 12.6, df = 3/42, P<0.001). This indicates that 
deer mice apparently avoid honey mesquite and are found in salt cedar 
(VPC2). The ANOVA for winter was not significant across vegetation 
types, but areas in which cottonwood-willow trees were dominant yielded 
the smallest capture rates, and salt cedar and screwbean mesquite 
yielded the largest capture rates. There were significant population 
changes across years, with the largest captures occurring the first two 
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years and the smallest in 1977-78. The equation for probability of 
occurrence was as follows: 

PO cool season = 0.72 + 0.16VPC2 + 0 . 1 2 ~ ~ ~ 4 ~  
(multiple R = 0.593, F = 5.4, df = 2/20, 0.05>P>0.025). - 

Vegetation accounted for only 35% of the variance in the probability 
data. This indicates that the greatest consistency of occurrence of 
deer mice was in areas with honey mesquite and shrubs (VPC2). Deer mice 
were also fairly consistently caught n stands with intermediate 3 densities of screwbean mesquite (VPC4 ). Although deer mice occurred in 
low densities in areas with above-average foliage density and diversity, 
they were not consistently absent from such areas. 

Southern Grasshopper Mouse 

The southern grasshopper mouse was scarce, and captures were averaged 
over seasons and years. The regression equation was as follows: 

log (~1270 TN + 1) = 0.26 + (-0.97VPC1) 
(multiple R = 0.444, F = 5.3, df = 1/21, O.O5>P>O.O25). This indicates 
that only foliage density and diversity (~~~1)showed any relationship 
to the mean number of southern grasshopper mice caught across seasons 
and habitat types for the five years of the study. Densities of 
southern grasshopper mice were lowest in arrowweed and were greatest in 
screwbean mesquite (Table 11-10). From the regression analysis, we 
would predict the largest populations of southern grasshopper mice to 
have occurred in screwbean mesquite and salt cedar, types V and VI, and 
in arrowweed. That arrowweed had small populations of snuthern 
grasshopper mice rather than large ones is one of the reasons the 
correlations analysis was not very successful in relating mean catches 
of this species to the vegetation. The equation for probability of 
occurrence was : 

PO = 0.30 + 0.34VPC4 + (-0.16VPC4) + (-0.08VPC3) 
(multiple R = 0.637, F = 4.33, df = 3/19, 0.025>P>0.01). This indicated 
that southern grasshopper mice occurred most consistently in screwbean 
mesquite (VPC4), and that this relationship involved two trends. The 
first trend was linear, with the probability of southern grasshopper 
mouse occurrence increasing as VPC4 increased. The other trend 
indicated a tendency for probability of occurrence to drop sharply in 
habitats loading high on VPC4 and to increase sharply in habitats with 
lower scores on VPC4. Finally, southern grasshopper mice were caught 
least consistently in areas with either much greater or much smaller 
than average foliage density and diversity at low'levels (VPC3) and more 
consistently at intermediate low foliage density. 

Western Harvest Mouse 

The western harvest mouse was another scarce species, and capture data 
were analyzed in a way similar to that for the southern grasshopper 
mouse. The equation from the correlation analysis was as follows: 
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Table 11-10. Analysis  of var iance  f o r  southern grasshopper mouse 
d e n s i t i e s  showing t h e  vege ta t ion  and seasonal  e f f e c t s .  
A s t e r i s k  i n d i c a t e s  - P<O .05. Abbreviat ions a s  i n  Table 
11-3. 

Type of 
dominant Mean d e n s i t y  

vege ta t ion  (N1270 TN) By season 

0.90 Wa n u  0.10 

0.12 Cool 0.15 

0.13 

0.09 

0.03 

3.6* 0.4 

515 215 
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(multiple R = 0.795, F = 17.4, df = 2/20, P<0.001). This analysis 
revealed a strong relationship between western harvest mice and total 
foliage density and diversity. Changes in western harvest mouse density 
were greater for very large or very small values of foliage density and 
diversity. Between the extremes, relatively large changes in foliage 
density and diversity resulted in small changes in the total catch. The 
second step in the equation indicated a preference for vegetation at low 
levels (VPC3). 

Since cottonwood-willow habitats loaded relatively high on VPC1, it is 
not surprising that an ANOVA indicated that the largest average catches 
of western harvest mice were from cottonwood-willow (Table 11-11). 
Differences among the dominant vegetation types were not consistent 
enough to be statistically significant, however. 

The equation resulting from the correlation of the probability of 
occurrence on the vegetation variables was: 

PO = 0.12 + 0 . 0 1 3 ~ ~ ~ 1 ~  + 0.088VPC3 + 0.086VPCl 
(multiple R = 0.756, F = 8.4, df = 3/19, P<0.001). This indicates that 
the probability of occurrence of the western harvest mouse was also best 
accounted for by the total foliage density and diversity (VPC1) and 
foliage density and diversity at the lowest levels (VPC3), thus 
providing agreement with the results of abundance correlations. 

Desert Kangaroo Rat 

The multiple linear regression yielded the following predictive 
equation: 

logl Density = 0.069 + (-0.053VPCl) + 0.036VPC2 
(multiple R = 0.951, F = 4.3, df = 2/20, O.OS>P>O.O25). This suggests 
that desert kangaroo rats avoided dense vegetation (VPC1) and were 
associated with honey mesquite. From field work, it was obvious that 
this species was found only in areas with sand dunes. Since sand dunes 
were never present in dense vegetation, lack of association of the 
desert kangaroo rat with this type of vegetation was not surprising. 
Honey mesquite was found on the periphery of the floodplain, where 
conditions are drier and vegetation is sparser. It is here that sand 
dune formation is also most probable. Thus the correlation of the 
desert kangaroo rat with honey mesquite may not be a cause-effect 
relationship but probably reflects the greater likelihood of sand dunes 
occurring in stands where honey mesquite and shrubs are numerous. 

The ANOVA (Table 11-12) indicated a significant difference in desert 
kangaroo rat densities in areas where the dominant trees are different. 
Desert kangaroo rats reached peak densities in honey mesquite and were 
absent from areas dominated by cottonwood-willow and salt cedar-honey 
mesquite. This is highly supportive of the linear regressions, since 
areas with cottonwood-willow have above-average foliage density and 
diversity, and honey mesquite contributes positively to VPC2. 
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Table 11-11. Analysis of var iance  of western ha rves t  mouse captures  
showing t h e  vege ta t ion  and seasonal  e f f e c t s .  
Abbreviat ions a s  i n  Table 11-3. 

Type of 
dominant Mean dens i ty  

vege ta t ion  (N/270 TN) By season 

SM 0.01 Warm 0.09 

CW 0.29 Cool 0 .09 
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Table 11-12. Analysis of var iance  of d e s e r t  kangaroo r a t  cap tu re s  
showing the  vege ta t ion  and seasonal  e f f e c t s .  As t e r i sk  
i n d i c a t e s  - P<0.05. Abbreviat ions a s  i n  Table 11-3. 

Type of 
dominant Mean dens i ty  

vege ta t ion  (Nl270 TN) By season 

Cool 

Warm 
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The regression equation predicting the probability of occurrence is: 

PO = 0.12 + (-0.09VPCl) + 0.06VPC2 
(multiple R = 0.607, F = 5.75, df = 2/20, 0.025>P>0.01). This supports 
the conclusion that desert kangaroo rats avoid areas with dense 
vegetation and reflects the fact that captures were greatest in honey 
mesquite. 

House Mouse 

The house mouse was irregularly caught in a total of 10 habitat types. 
These habitat types had little in common. The species was caught in CW 
I half of the time, but dropped to an occurrence rate of 0.2 in CW IV 
and SC IVY and was lower in other habitat types (Table 11-13). 
Meaningful habitat relationships cannot be inferred with the paucity of 
data. 

Hispid Cotton Rat 

A total of six hispid cotton rats was caught in five habitat types 
(SM 111, SM IV, CW 111, SC V, and SH IV). Hispid cotton rats occurred 
in SM IV and SH IV in 2 of 10 seasons and were caught in only one season 
of one year in the other habitat types. This species occasionally 
wanders into riparian vegetation from marshy habitats, where it is 
reasonably abundant (Anderson and Ohmart unpubl. data). 

CONCLUSIONS AND MANAGEMENT RECOMMENDATIONS 

Habitats in which the greatest number of each rodent species was caught 
are shown in Figure 11-1. Assuming that capture rates represent rodent 
habitat preferences, some species clearly have widely differing 
preferences. These species can be separated into three major groups. 
One group, including the cactus mouse, white-throated woodrat, and 
western harvest mouse, reached greatest densities in areas with high 
foliage density and diversity. However, this was only a general 
similarity in habitat preference; the cactus mouse reached peak 
abundance in dense salt cedar, the white-throated woodrat was most 
common in mesquite vegetation, and the western harvest mouse reached 
greatest numbers in stands with a large amount of vegetation greater 
than 4.6 m (15 ft) tall. 

Another group, including the desert pocket mouse, desert kangaroo rat, 
Merriam kangaroo rat, and southern grasshopper mouse, was characterized 
primarily by low numbers in areas with dense vegetation. This 
presumably indicates avoidance of these areas. The desert pocket mouse 
and desert kangaroo rat were primarily associated with fairly open 
stands of honey mesquite where shrubs were at least moderately abundant. 
The greatest numbers of Merriam kangaroo rats were caught in stands of 
moderately dense screwbean mesquite, although the species occurred 
elsewhere in reduced numbers. The southern grasshopper mouse occurred 
only within moderately dense vegetation but seemed to have no specific 
vegetation preference. 
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Table  11-13. D i s t r i b u t i o n  of house mouse c a p t u r e s  i n  r i p a r i a n  
v e g e t a t i o n .  Abbrev ia t ions  a s  i n  Table  11-3. 

Mean d e n s i t y  (N/270  TN) a c r o s s  a l l  seasons  

S t r u c t u r a l  type  

Vege ta t ion  type I I I I11 I V  V V I 



Grasshopper Mouse 
white-throated Woodrat 

1 
Greatest densities Greatest densities in 
in salt cedar with screwbean and honey 

little low level mesquite. 

vegetation. Much 

foliage density and 

diversity at 2 5m. 

Reach greatest numbers 

in areas with great 

foliage density and 

diversity. 

Pocket Mouse 
I I I 
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Figure 11-1. Summary of t h e  vege t a t i on  r e l a t i o n s h i p s  of e i g h t  s p e c i e s  of rodents  
found i n  r i p a r i a n  vege t a t i on  a long  t h e  lower Colorado River .  
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F i n a l l y ,  the  deer  mouse seemed t o  avoid mesquite and t o  some e x t e n t ,  
very dense vegeta t ion .  It was always a numerical ly  dominant spec i e s  i n  
d i s tu rbed  a reas  such a s  burns.  It was a l s o  t h e  numerical ly  dominant 
spec i e s  i n  a g r i c u l t u r a l  a r e a s  (Anderson and Ohmart 1982a: Chapter 18).  

Obviously t h e r e  i s  no simple way t o  manage f o r  a l l  of these  rodents .  
The recommendation l i k e l y  t o  b e n e f i t  t h e  most spec i e s  i s  t o  c r e a t e  an  
a r e a  which i s  ho r i zon ta l ly  d ive r se .  I f  s a l t  cedar  i s  absent  from an 
a r e a ,  t he  cac tus  mouse w i l l  probably no t  a t t a i n  maximum d e n s i t i e s .  This  
spec i e s  does,  however, occur almost everywhere and reaches moderate 
d e n s i t i e s  i n  s eve ra l  vege ta t ion  types.  An a rea  wi th  cottonwood-willow, 
honey mesquite,  palo verde,  and shrubs should a t t r a c t  f a i r  numbers of 
t h i s  spec ies .  We captured 14 cac tus  mice/270 t r a p n i g h t s  (TN) two yea r s  
a f t e r  c l e a r i n g ,  by which time q u a i l  bush was the  dominant vege ta t ion  
present  (Anderson and Ohmart 1982a:Chapter 18) .  Where cac tus  mice 
numbers were low, populat ions of Merriam kangaroo r a t s  and d e s e r t  pocket 
mice tended t o  be r e l a t i v e l y  l a r g e r .  I f  an  a rea  i s  bare o r  has  some 
bare  ground, Merriam kangaroo r a t s  and d e s e r t  pocket mice might f i n d  i t  
even more a t t r a c t i v e .  

Desert  kangaroo r a t s  w i l l  be present  only i f  t h e  a r e a  i s  sandy. I f  sand 
i s  p re sen t ,  proximity t o  the  nea re s t  d e s e r t  kangaroo r a t  colony would 
determine the  l i ke l ihood  of pioneers  moving i n t o  t h e  a r ea .  I f  a colony 
i s  not  nearby, l ive- t rapping  of d e s e r t  kangaroo r a t s  i n  one a r e a  and 
r e l eas ing  them i n  the  c rea ted  h a b i t a t  would probably be succes s fu l .  

I f  a revegetated a rea  i n i t i a l l y  involved c l e a r i n g ,  the  deer  mouse would 
probably invade the  a rea .  This happened on our r evege ta t ion  p l o t  on t h e  
Cibola National  Wi ld l i f e  Refuge, where 16 deer  mice were caught i n  270 
TN two years  a f t e r  c l ea r ing  (Anderson and Ohmart 1982b:Chapter 5 ) .  It 
was the  only spec i e s  present  ( t h r e e  were caught) two months a f t e r  
c l e a r i n g ,  and one year a f t e r  c l ea r ing  t h r e e  (75% of t o t a l )  were caught 
i n  270 TN. 

The s i z e  and age of the vege ta t ion  may be important i n  determining 
whether the  western harves t  mouse o r  southern grasshopper mouse w i l l  
e s t a b l i s h  themselves i n  a manipulated a rea .  We d id  not  capture  any 
ind iv idua l s  of these  spec ies  on the  re fuge  r evege ta t ion  s i t e .  
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CHAPTER 12 

COYOTE FOOD HABITS ALONG THE LOWER COLORADO RIVER 

INTRODUCTION 

The r e l a t i o n s h i p  of an  organism t o  i t s  environment i s  based i n  p a r t  on 
t h e  organism's  food h a b i t s .  A knowledge of t h e s e  food h a b i t s ,  
t h e r e f o r e ,  i s  v a l u a b l e  f o r  t h e  management of t h e  s p e c i e s .  

Many s t u d i e s  have shown t h a t  coyo tes  have a  d i v e r s e  d i e t  ( S p e r r y  1941,  
Murie 1945, Gier 1957, Korschgen 1957, Gipson 1974, Andrews and Boggess 
1978, Berg and Chesness 1978, Kleiman and Brady 1978) .  The p r o p o r t i o n  
of foods  i n  t h e  d i e t  v a r i e s  i n  r e l a t i o n  t o  l o c a l  and s e a s o n a l  
a v a i l a b i l i t y  of foods  ( S p e r r y  1941, F i t c h  1948, F e r r e l  e t  a l .  1953, 
F i c h t e r  e t  a l .  1955, Gipson 1972) .  

Coyote s c a t s  were c o l l e c t e d  over  a  f i v e - y e a r  p e r i o d  (1974 through 1978) ,  
i n  r i p a r i a n  h a b i t a t s  a long t h e  lower Colorado River .  Leve l s  of c e r t a i n  
food i t ems  were s imul taneous ly  censused i n  t h e  same reg ion .  The purpose  
of t h i s  s t u d y  was t o :  ( 1 )  i d e n t i f y  food i t e m s  consumed by coyo tes  i n  
t h i s  r e g i o n ;  ( 2 )  determine which i t ems  made up t h e  major p o r t i o n  of t h e  
d i e t  of coyo tes ;  ( 3 )  examine whether c o y o t e s  showed a  response  i n  food 
h a b i t s  t o  food a v a i l a b i l i t y ;  and ( 4 )  a s c e r t a i n  i f  c e r t a i n  r i p a r i a n  
h a b i t a t  t y p e s  were more a t t r a c t i v e  t o  c o y o t e s  than  o t h e r s ,  based on food 
h a b i t s  and r e s o u r c e  abundances. 

Th i s  r e p o r t  l i s t s  a l l  i t ems  found i n  coyo te  s c a t s  over  t h e  s t u d y  per iod .  
Typica l  foods  ( t h o s e  which occurred each y e a r )  a r e  l i s t e d ,  and p r i n c i p a l  
foods  ( t h o s e  which occur red  w i t h  h i g h  f requency  and volume d i sp lacement )  
a r e  i d e n t i f i e d .  The r e l a t i o n  of some t y p i c a l  food abundances t o  coyo te  
food h a b i t s  and f o r a g e  p r e f e r e n c e s  f o r  d i f f e r e n t  h a b i t a t s  a r e  d i s c u s s e d .  
Management i m p l i c a t i o n s  a r e  d e r i v e d  from t h e s e  d a t a .  

METHODS 

T r a n s e c t s  of 800- o r  1600-m (0.5- o r  1-mi) l i n e s  were l o c a t e d  i n  f i v e  
h a b i t a t  t y p e s  of r i p a r i a n  v e g e t a t i o n  a long  475 km (295 mi) of t h e  lower 
Colorado R i v e r ,  from Davis Dam t o  t h e  Mexican border .  H a b i t a t  t y p e s  
were: ( 1 )  cottonwood-willow, ( 2 )  honey m e s q u i t e ,  ( 3 )  screwbean 
mesqu i te ,  ( 4 )  s a l t  c e d a r ,  and ( 5 )  s a l t  cedar-honey mesqui te  ( s e e  Chapter  
2  f o r  community d e s c r i p t i o n s ) .  I n  d e n s e l y  v e g e t a t e d  communities a p a t h  
had t o  be c u t  (0.75 t o  1 m w i d e  [2 .5  t o  3.3 f t ] )  t o  a l l o w  unimpeded 
movement through t h e  a r e a .  These t r a n s e c t s  were t h e  same ones  used f o r  
census ing  b i r d s .  

A l l  s c a t s  were f i r s t  c l e a r e d  from t h e  t r a n s e c t s .  Then coyote  s c a t s  were 
c o l l e c t e d  two o r  t h r e e  t imes each month from 1975 t o  1978 a long  t h e s e  
t r a n s e c t s  a f t e r  b i r d  censusing.  S c a t s  were c o l l e c t e d  on a l e s s  r e g u l a r  
b a s i s  i n  1974. Each s c a t  was i n d i v i d u a l l y  bagged and l a b e l e d  w i t h  t h e  
t r a n s e c t  number and d a t e  of c o l l e c t i o n .  I n  t h e  l a b o r a t o r y ,  s c a t s  were 
soaked i n  w a t e r  u n t i l  s o f t ,  t h e n  s t r a i n e d  i n  a  1/16-inch mesh s t r a i n e r  
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t o  remove mucous and s o i l  p a r t i c l e s .  A l l  food items were so r t ed  and 
i d e n t i f i e d  wi th  the  use of a r e f e rence  c o l l e c t i o n .  Animal remains were 
i d e n t i f i e d  by f e a t h e r s ,  s c a l e s ,  t e e t h ,  bones, and bone fragments.  
Fragments t h a t  could not  be i d e n t i f i e d  were grouped i n  an "un iden t i f i ed  
rodent ,  mammal, o r  b i rd"  category.  Volumetric displacement (when 
measurable) and frequency of occurrence were determined f o r  each food 
item. 

Frequency (F)  equa l s  percent  of a l l  coyote s c a t s  examined per month i n  
which a food i tem occurred. Volume (V) equa l s  percentage of t o t a l  
volume d isp laced  per  month. Annual va lues  were an average of months. 
V/F r a t i o s  were ca l cu la t ed  f o r  i tems occurr ing  i n  coyote s c a t s  i n  each 
of t h e  f i v e  years .  Comparisons between yea r s  i nco rpora t e  da t a  f o r  four  
years  (1974 through 1977). Annual comparison of d a t a  f o r  1978 was no t  
included because coyote s c a t s  were c o l l e c t e d  f o r  only s i x  months t h a t  
year .  

Re la t ive  d e n s i t i e s  of small  rodents  were determined seasona l ly  i n  t h e  
f i v e  h a b i t a t  types throughout t he  du ra t ion  of t h e  s tudy.  These r e s u l t s  
a r e  repor ted  i n  Chapters 10 and 11. P a r a l l e l  l i n e s  wi th  15 s t a t i o n s  i n  
each l i n e  were used. Trap l i n e s  were 15 m a p a r t  and each contained two 
museum s p e c i a l s  and a r a t  t r a p .  Tes t e s ,  seminal v e s i c l e s ,  and embryos 
were measured and reproduct ive  condi t ions  were noted f o r  trapped 
specimens. The reproduct ive  biology of rodent  spec i e s  i s  repor ted  i n  
Chapter 10. Birds  were simultaneously censused along t r a n s e c t s  two t o  
t h r e e  times per  month from 1975 t o  1978 us ing  a modified Emlen (1971) 
technique. Mammal t rapping  and b i r d  censusing a r e  discussed i n  d e t a i l  
i n  Chapter 2. 

Seasons considered f o r  coyote s c a t  a n a l y s i s  were: win ter  (December, 
January,  February);  sp r ing  (March, Apr i l ,  May); summer (June,  J u l y ,  
August); and f a l l  (September, October, November). Seasons f o r  rodent  
populat ion a n a l y s i s  were: win ter  (November through March) and summer 
(Apr i l  through October).  Seasons f o r  av i an  popula t ion  a n a l y s i s  were: 
winter  (December January,  February);  sp r ing  (March, Apr i l ) ;  summer (May, 
June, Ju ly ) ;  l a t e  summer (August, September); and f a l l  (October,  
November). 

Coyote s c a t s  per h a b i t a t  type per  year were divided by the  t o t a l  meters  
of t ransecc  i n  each h a b i t a t  type t o  y i e l d  a s tandard  measure of coyote 
sca ts /meter  of h a b i t a t  type per year .  Each of the  f i v e  h a b i t a t  types 
had a d i f f e r e n t  number of t r a n s e c t s  which were e s t ab l i shed  along roads 
o r  c leared  paths .  The number of coyote sca ts /meter  of road t r a n s e c t  was 
compared t o  the  number of coyote s ca t s lme te r  of pa th  t r a n s e c t  i n  each 
h a b i t a t  type ,  except i n  more open honey mesquite ,  where a l l  t r a n s e c t s  
were roads. Percent  of d i f f e r e n c e  between number of coyote s c a t s  on 
roads and pa ths  was mul t ip l i ed  by the  propor t ion  of t r a n s e c t s  t h a t  were 
road t r a n s e c t s  i n  t h a t  h a b i t a t  type. This va lue  was used a s  a 
c o r r e c t i o n  f a c t o r  f o r  removing b i a s  caused by t h e  appeal  of road 
t r a n s e c t s  t o  coyotes.  Coyote s c a t s  were no t  co l l ec t ed  from each 
t r a n s e c t  on a monthly b a s i s  i n  1974, and i n  1978 s c a t s  were co l l ec t ed  
f o r  only s i x  months; t h e r e f o r e  d a t a  from 1974 and 1978 were not  used i n  
h a b i t a t  comparisons. 
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Mesquite fruit drop was measured on 15 randomly selected trees along 
each of eight transects in both honey and screwbean mesquite habitats. 
Mesquite pods on the ground under the canopy were counted each month 
from August to December in 1976 and 1977. The number of pods encircled 
by a 0.1-m-diameter hoop was recorded as the hoop was flipped and moved 
from an outer canopy edge to the opposite outer canopy edge. Pod counts 
were extrapolated to a m2 and then multiplied by the mean tree canopy 

2 coverage value (in m ) to estimate average pod production per mesquite 
tree. Average tree canopy coverage was determined by halving the 
north-south diameter of the canopy and using that measure as the radius 
in the formula for the area of a circle. This approximated ground cover 
by a given tree. The average pod production per mesquite tree was 
multiplied by the average number of trees per 40 ha to estimate pod 
production per 40 ha. This value was multiplied by the average weight 
of a single pod to estimate weight of pods per 40 ha. 

RESULTS 

Coyote Diet Composition 

The following items were found in coyote scats over the five-year 
period: 19 mammalian species, 20 plant species, two bird species, two 
reptilian species, eggshell remains, nine orders of arthropods, 
unidentified fish, and miscellaneous items such as trash, leather, 
charcoal, gravel, shot, etc. (Table 12-1). There were also nine 
unidentified categories of foods that may have included other items in 
addition to those identified. 

Compared with food frequencies in other coyote studies (Table 12-2), 
percent frequency of occurrence of rabbits, rodents, deer, and livestock 
was lower in the present study. A majority of other studies (Table 
12-2) identified all mammalian species; unidentified mammals, in studies 
with this category, represented a relatively small proportion. In the 
present study unidentified mammals composed the largest category of 
mammalian foods (33%). Rabbit and rodent remains probably were not as 
low in actuality compared to other studies because they may have been 
placed in the unidentified mammal group. Rabbits and rodents were the 
most frequently identified mammals. Deer and livestock were much less 
frequent. It is likely that rabbits and rodents were most frequent in 
the unidentified mammalian group. Plants were more frequent in the 
present study compared with other studies (Table 12-2). 

Frequency and Volume Proportions Within 
Mammalian and Plant Groups 

Mamma 1 s 

Unidentified mammals had the greatest percent frequency of occurrence in 
coyote scats in all years (Fig. 12-1). Rodents were second and rabbits 
were third in three of four years (1976 was the exception when they 
exchanged rank). Categories labeled "domestic" (cattle and sheep) and 
"other" were always next to lowest and lowest, respectively. The 
pattern of change between years in rabbits corresponded oppositely to 
that of rodents. 
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Table  12-2. L i t e r a t u r e  summary of t h e  f requency of food groups  found i n  coyo te  scats o r  stomachs. 

P e r c e n t  f requency  

A u t h o r i t y  L o c a l i t y  n Source Rabbi t  Rodent Deer L i v e s t o c k  P o u l t r y  Bi rd  P l a n t  invertebratea 

Richens  and 
Hugie 1974 

Gipson 1974 

Korschgen 1957 

Mathwig 1973 

Andrews and 
Boggess 1978 

Berg and 
Chesness 1978' 

G i e r  1957 

F i c h t e r  e t  a l .  
1955 

Murie 1940 

Murie 1945 

51 Stomach 

168 Stomach 

770 Stomach 

326 S c a t  

- Stomach 

147 S c a t  

246 S c a t  

670 S c a t  

1190 Stomach 

2500 S c a t  

5086 S c a t  

286 S c a t  
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F igure  12-1. P r o p o r t i o n  of mammal foods  o c c u r r i n g  i n  c o y o t e  s c a t s  
(1974-1977). Domestic = c a t t l e ,  sheep;  Other  = big-  
horn  sheep ,  mule d e e r ,  skunk, d e s e r t  shrew, u n i d e n t i -  
f i e d  c a n i d ;  Rabbi t  = c o t t o n t a i l ,  b l a c k - t a i l e d  jack-  
r a b b i t ;  UM = u n i d e n t i f i e d  mammal; Rodent = a l l  o t h e r s  
l i s t e d  i n  Tab le  12-1. 
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Percent volume among rabbits, rodents, and unidentified mammals in 
coyote scats was inconsistent (Fig. 12-2) although, as with percent 
frequency of occurrence, the pattern of change between years in rabbits 
corresponded oppositely to that of rodents. Percent volume of rabbits, 
rodents, and unidentified mammals in coyote scats in 1974 ranked as 
follows: (1) rodent, (2) rabbit and unidentified mammal. In 1975 they 
were nearly equivalent. In 1976 these were ranked: (1) rabbit, (2) 
rodent and unidentified mammal; in 1977 they were ranked: (1) 
unidentified mammal, (2 ) rabbit and rodent. "Domes tic" and "other" were 
consistently the smallest proportions. Values for "domestic" were 
marginally higher than for "other." 

Plants 

Mesquite was the most frequently found plant in coyote scats, and salt 
cedar was the second most frequently encountered plant each year (Fig. 
12-3). Grass ranked third in three years. "Other" and agricultural 
crops were fourth and fifth, respectively, in three years. 

Mesquite displaced the most volume in coyote scats each year (Fig. 
12-4). Salt cedar was lowest or next lowest in volumetric proportions. 
Agricultural crops were second in three of four years. "Other" 
fluctuated in fourth or fifth position. Grass fluctuated in rank. 

V/F Values Within Mammalian and Plant Groups 

Mamma 1 s 

Volume/frequency (V/F) values for mammals in coyote scats showed rabbits 
consistently highest (Table 12-3). Values for domestic and other groups 
fluctuated widely, perhaps because of their more sporadic availability 
relative to rabbits or rodents. In three of four years rodents had 
equal or higher V/F ratios than domestic. Mammalian V/F measures were 
generally higher than plants. 

Plants 

Mesquite had highest plant V/F in coyote scats each year (Table 12-3). 
Agricultural crops were second, grass third, and salt cedar was fourth, 
except in 1974. Mesquite values were most similar to unidentified 
mammals. 

Typical Foods 

The complete composition of the coyote diet over all years and seasons 
differed from the typical diet. Some fol3ds did not occur in the 
analysis in each of the four annual comparisons. Items which occurred 
in scats each year, 1974 through 1977, and appeared in volumetric 
displacement in most years, composed the typical foods of the coyote 
diet. These included 24 of 68 items, disregarding the miscellaneous 
category. By group classification, typical foods were: 
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Figure 12-2. Proportion of the volume displaced by mammal foods in 
coyote scats (1974-1977). Categories are explained in 
Figure 12-1. 
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Figure  12-3. P r o p o r t i o n  of p l a n t  foods  o c c u r r i n g  i n  coyote  s c a t s  
( 1 9 7 4 - 1 9 7 7 ) .  Mesquite = honey, screwbean, and 
u n i d e n t i f i e d  mesqui te ;  A g  c r o p s  = d a t e  palm, grape 
s e e d ,  melon, orange f r u i t ,  sorghum, wheat ;  Other  = 
u n i d e n t i f i e d  p l a n t  and s e e d s ,  sh rubs .  
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I Mesqui te  

Sa l t  ' c e d a r  

s a l t '  C e d a r  

Figure  12-4. P r o p o r t i o n  o f  t h e  volume d i s p l a c e d  by p l a n t  foods  i n  
coyo te  s c a t s  (1974-1977). C a t e g o r i e s  a r e  t h e  same a s  
i n  F igure  12-3. 
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Table 12-3. ~olume/frequency (v/F) values for food groups found in 
coyote scats (1974-1977). Percent frequencies are in 
parentheses. 

Food group 1974 1975 1976 1977 

Rabbit 1.0 (8.7) 1.1 (11.7) 1.3 (22.3) 1.3 (8.7) 

Rodent 

Other 

Livestock 0.38 (3.9) 0.73 (2.2) 1.0 (2.7) 0.25 (2 .4)  

Unidentified mammal 0.36 (26.9) 0.50 (30.4) 0.46 (28.0) 0.40(46.5) 

Mesquite 0.56(104.8) 0.48 (92.6) 0.38 (86.5) 0.59(80.0) 

Agricultural crops 0.11 (14.6) 0.09 (10.9) 0.19 (11.4) 0.04 (8 .0)  

Grass 0.0 (10.6) 0.05 (18.5) 0.01 (35.2) 0.04(28.2) 

Salt cedar 0.004(56.7) 0.004(46.9) 0.004(49.7) O.Ol(47.5) 
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Mammals 

Hispid cotton rat 
Desert cottontail rabbit 
Domestic cattle 
Domes tic sheep 
Kangaroo rat 
Muskrat 
White-throated woodrat 
Valley pocket gopher 
Unidentified rodent 
Unidentified mammals 

Plants Arthropods 

Grass Beetle 
Honey mesquite Botfly 
Melon Crayfish 
Salt Cedar 
Screwbean mesquite 
Wheat 
Unidentified plant 

Eggshell remains, unidentified bird, unidentified fish, and spiny lizard 
were also found . 
Principal Foods 

Comparing V/F among typical coyote food items with similar frequencies 
(Table 12-4) showed that mammalian species had higher values than any 
other category of foods such as bird, fish, arthropod, plant, and 
reptile. Bird, fish, arthropod, and plant, except mesquite, had similar 
values. Mesquite had higher values than other plants. All values for 
mammals were >0.3 in 26 of 28 cases. The only items of 14 others with 
0.3 or greater V/F were screwbean and honey mesquite, spiny lizard, 
beetle and crayfish. In only one of three cases did the latter three 
exceed 0.3. 

In summary, only mammals, screwbean mesquite, and honey mesquite, showed 
consistently high relative V/P ratios in coyote scats. Among mammals, , 

the white-throated woodrat, rabbit, unidentified rodent, and mammalian 
categories had frequencies over 5%. All mesquite frequencies each year 
exceeded 5%. Based on V/F and percent frequency of occurrence, we 
considered white-throated woodrat, rabbit, and screwbean and honey 
mesquite as principal foods in coyote diets. Unidentified rodents and 
mammals made up a large proportion of the diet of coyotes, but this 
category provides little information on specific food items. The role 
of other mammalian species in the coyote diet may be masked in the 
unidentified categories. 

Year-to-Year Variation of Principal Foods 

Mammals 

Among mammalian remains, rodent proportions in coyote scats decreased in 
1976 from 1974-1975 levels (Figs. 12-1 and 12-2). Percent frequency of 
occurrence dropped again in 1977 (Fig. 12-l), but percent volume 
increased (Fig. 12-2). Rabbit proportion of percent frequency of 
occurrence and percent volume increased in 1976 from 1974-1975 levels 
(Figs. 12-1 and 12-2). These levels decreased in 1977. Proportions of 
unidentified mammals found in coyote scats in 1974 were similar to those 
found in 1975; they decreased in 1976 and increased in 1977. 
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Rodent Abundance 

Rodent t rapping to t a l ed  189,000 t r a p  n i g h t s  from 1974-1977. Populat ion 
ana lyses  dea l ing  wi th  f i v e  numerical ly  dominant rodent  spec i e s  yielded 
sample s i z e s  o f :  (1)  d e s e r t  pocket mouse -- 1,095; ( 2 )  cac tus  mouse -- 
7,504; ( 3 )  deer  mouse -- 1,048; (4)  white- throated woodrat -- 1,114; ( 5 )  
Merriam kangaroo r a t  -- 2,507. 

Numbers of each spec ies  decl ined from 1974 through 1976, a l though t h e i r  
p a t t e r n s  d i f f e r e d .  Annual populat ion changes of rodent  spec i e s  a r e  
reported i n  Chapter 11. The d e s e r t  pocket mouse and cac tus  mouse 
decl ined annual ly (F igs .  12-5 and 12-6). Numbers of deer  mice and 
Merriam kangaroo r a t s  did not  decrease u n t i l  1976; white- throated 
woodrats decreased i n  winter  1975 (F igs .  12-5 and 12-7). Their  numbers 
showed a r i s e  i n  winter  1977. 

Mesquite 

The mesquite proport ion of p l a n t s  i n  coyote s c a t s  was the same i n  1976 
and 1977 (Fig.  12-3) but s l i g h t l y  below t h e  1975 l e v e l ,  which was 
s l i g h t l y . b e l o w  t h a t  i n  1974. Mesquite propor t ion  of percent  volume i n  
coyote s c a t s  was s imi l a r  i n  a l l  four  yea r s  except f o r  a small  decrease 
i n  1976 (Fig.  12-4). 

Mesquite Abundance 

Numbers and biomasss of screwbean and honey mesquite pods on t h e  ground 
were g r e a t e r  each month i n  1976 than i n  1977 (Table 12-5). There was a 
l a r g e r  number of screwbean than honey mesquite pods on the ground each 
month both yea r s ,  and g r e a t e r  biomass except  i n  t he  peak month i n  honey 
mesquite. (Honey mesquite and screwbean mesquite peaks were o f f s e t  a 
month.) The number of screwbean mesquite pods on the  ground was 
g r e a t e s t  i n  August; t he  number of honey mesquite pods on the  ground was 
g r e a t e s t  i n  September. By December v i r t u a l l y  a l l  honey mesquite pods 
had been removed, while screwbean mesquite pods were s t i l l  present  on 
the  ground. 

Number of Species  Consumed 

The number of d i f f e r e n t  foods i n  coyote s c a t s  increased from 1974 t o  
1977, wi th  g r e a t e s t  d i v e r s i t y  i n  1976 (Table 12-6). This does not  
appear t o  be a func t ion  of sample s i z e  (Table 12-I) ,  s i nce  l a r g e s t  
sample s i z e s  do no t  correspond with g r e a t e s t  d i v e r s i t y  of foods. 

Seasonal Consumption of Food 

The percent  frequency of mammalian items occurr ing i n  coyote s c a t s  
peaked i n  spr ing  each year (F ig .  12-9). Percent  frequency of occurrence 
of t hese  i tems remained high i n  summer, dec l ined  i n  f a l l ,  and remained 
near  t he  f a l l  l e v e l  throughout the  win ter  months each year.  Percent  
frequency of occurrence of b i rd  remains found i n  coyote s c a t s  peaked i n  
summer each yea r ,  decreased i n  f a l l ,  and remained a t  t h a t  l e v e l  
throughout w in te r  and spring.  Percent frequency of occurrence of 
screwbean mesquite pods i n  coyote s c a t s  peaked i n  f a l l  1975, 1976, 1977, 
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Figure 12-5. Seasonal densities (N/270 trap nights) of the 
desert pocket mouse (-) and Merriam kangaroo 
rat (---- ) in the lower Colorado River valley. 
W = winter; S = summer. 
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F igure  12-6. Seasona l  d e n s i t i e s  ( N / 2 7 0 , t r a p  n i g h t s )  of t h e  
c a c t u s  mouse i n  t h e  lower Colorado River  v a l l e y .  
W = w i n t e r ;  S = summer. 
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Figure 12-7. Seasonal densities ( ~ 1 2 7 0  trap nights) of the 
deer mouse (-) and white-throated woodrat 
(---- ) in the lower Colorado River valley. 
W = winter; S = summer. 
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Table 12-5. Numbers and weight of screwbean and honey mesquite pods on 
the ground, August through December, 1976-1977. 

6 Number of pods X 10 per 40 ha 

1976 1977 

Scr ewbean Honey Screwbean Honey 
mesquite mesquite mesquite mesquite 

August 

September 

October 

November 

December 

TOTAL 

Kg X lo3 per 40 ha 

Screwbean Honey Screwbean Honey 
mesquite mesquite mesquite mesquite 

August 

September 

October 

November 1.3 1.5 3.4 0.5 

December 

TOTAL 
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Table 12-6. Annual d i v e r s i t y  of food i tems found i n  coyote s c a t s  
(1974-1977). Numbers inc lude  only those  items having 
measurable frequency and volume. 

Group 1974 1975 1976 1977 

Mammal 12 15 15 14 

P l a n t  7 9 11 9 

Bird 1 2 2 2 

Rep t i l e  

F i s h  

Arthropod 1 - 
TOTAL 23 
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MAMMAL 
1974 

- - - - -  -1975 

HONEY MESQUITE 

BIRD 

W SP S F 

SCREWBEAN MESQUITE 

F i g u r e  12-9. S e a s o n a l  v a r i a t i o n s  i n  p e r c e n t  f r e q u e n c y  o f  o c c u r r e n c e  o f  
food  t y p e s  found i n  c o y o t e  s c a t s  f rom 1974-1977. W = w i n t e r ;  
SP = s p r i n g ;  S = summer; F = f a l l .  
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then decl ined s t e a d i l y  from f a l l  through summer, except  i n  1974. Honey 
mesquite showed i n c o n s i s t e n t  peaks i n  percent  frequency of occurrence,  
dec l in ing  t o  t h e  lowest l e v e l  by spr ing  each year  except  1975. 

Mammals d isp laced  the  most percent  volume i n  coyote s c a t s  i n  sp r ing  of 
1975, 1976, and 1977, and i n  summer 1974 (F ig .  12-9). The lowest 
percent  volume was recorded i n  f a l l .  Mesquite pod percent  volumes i n  
s c a t s  peaked o r  were a t  s i m i l a r  l e v e l s  i n  f a l l  and win te r  (F ig .  12-10). 
Screwbean mesquite r ep re sen ta t ion  i n  s c a t s  w a s  lowest  i n  summer; honey 
mesquite had t h e  lowest  percent  volume i n  spr ing .  

Seasonal Abundance of Foods 

Mammals 

Rodent populat ion a n a l y s i s  was divided i n t o  two seasons ,  whereas s c a t  
a n a l y s i s  d e a l t  wi th  four  seasons. Di f fe rences  i n  d e f i n i n g  seasons 
rendered d i f f i c u l t  t h e  t a s k  of r e l a t i n g  peak rodent  consumption by 
coyotes t o  rodent populat ion ana lys i s .  Reproductive output  of rodents  
was measured each month, and we assumed t h a t  rodent  d e n s i t i e s  were 
higher  i n  t he  breeding than i n  t h e  nonbreeding period.  Peak rodent  
consumption by coyotes  corresponded t o  t h e  rodent  reproduct ive  per iod  
(F igs .  12-8 and 12-9). 

Breeding a c t i v i t y  of rodent spec i e s  i n  t h e  v a l l e y  i s  repor ted  i n  Chapter 
10. Highest propor t ions  of pregnant females occurred i n :  (1) c a c t u s  
mouse, March through J u l y  o r  August; ( 2 )  dee r  mouse, March through J u l y  
o r  August; ( 3 )  white-throated woodrat, i n s u f f i c i e n t  da t a ;  ( 4 )  Merriam 
kangaroo r a t ,  February o r  March through May o r  Ju ly ;  ( 5 )  d e s e r t  pocket 
mouse, Apr i l  o r  May through J u l y  o r  August (F ig .  12-10). The c o t t o n t a i l  
r a b b i t  reproduced year  round i n  1974 i n  t h e  lower Colorado River v a l l e y  
(Anderson and Ohmart 1982). Peak reproduct ion  occurred from March t o  
August. Rodent and r a b b i t  peak reproduct ion  extended through s p r i n g  and 
summer, t h e  t ime of year  corresponding t o  h ighes t  percent  frequency of 
occurrence and percent  volume of mammals i n  coyote s c a t s  (Fig.  12-9). 

Birds 

Avian d e n s i t i e s  peaked i n  summer i n  a l l  f i v e  h a b i t a t  types each y e a r ,  
1975 through 1977 (Table 12-7). This  corresponded t o  peak percent  
frequency of occurrence of b i r d s  i n  coyote s c a t s  i n  1975 through 1977 
(Fig.  12-8). 

Mesquite 

Screwbean mesquite pods were most abundant on the  ground i n  August and 
were found on the  ground i n  high numbers i n  September (Table 12-5). 
Honey mesquite pods were most abundant on t h e  ground i n  September. This  
d id  not  correspond t o  t he  season of h ighes t  percent  frequency of 
occurrence and percent  volume of mesquite pods i n  coyote s c a t s  (Fig. 
12-8). 
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Table  12-7. Average b i r d  d e n s i t i e s  (11140 h a )  i n  f i v e  community t y p e s  
(1975-1977). Winter  = December, J a n u a r y ,  February;  Spr ing  
= March, A p r i l ;  Summer = May, J u n e ,  J u l y ;  L a t e  summer = 
August,  September; and F a l l  = October ,  November. 

Community type  1975 1976 1977 

Honey mesqu i te  

Winter 143 154 20 0 

Spr ing  145 185 26 0 

Summer 232 313 284 

L a t e  summer 171 193 179 

Screwbean mesqui te  

Winter 

Spr ing  

Summer 

L a t e  summer 

F a l l  

Winter 

Spr ing  

Summer 

L a t e  summer 

F a l l  
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Table  12-7. ( c o n t . )  

Community type  1975 1976 1977 

S a l t  c e d a r  

Winter  

Spr ing  

Summer 

L a t e  summer 

F a l l  

S a l t  cedar-honey mesqu i te  

Winter 

Spr ing  

Summer 

L a t e  summer 

Fa1 1 
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Abundance of Coyote Scats in Different Habitat Types 

In 1975 honey mesquite habitat showed the highest number of coyote scats 
per km of community (Table 12-8). In 1976 and 1977 coyote scats were 
most numerous per km in screwbean mesquite. Coyote scats were more 
numerous on roads than on chopped paths except in salt cedar-honey 
mesquite (Table 12-9). There were only four transects in this habitat 
type, compared to 17 to 22 in each of the other habitat types. The 
small sample size in salt cedar-honey mesquite prohibited determining 
the difference between scat numbers on roads and paths; therefore a 
correction factor was not determined for this habitat. 

When coyote scats/km values were multiplied by the correction factor for 
road bias (Table 12-9), the resulting adjustment had only a minor 
effect. Honey mesquite values remained highest in 1975 and screwbean 
mesquite values were highest in 1976 and 1977 (Table 12-10). 

Rodent Populations Among Habitat Types 

Associations of rodent species to habitat types are reported in Chapters 
10 and 11. In brief summary, analyses of a five-year trapping period 
showed highest numbers of: (1) cactus mice in salt cedar, salt 
cedar-honey mesquite, and arrowweed; (2) deer mice in salt cedar; (3) 
white-throated woodrats in screwbean mesquite, honey mesquite, and 
cottonwood-willow; (4) Merriam kangaroo rats in screwbean mesquite and 
honey mesquite; and (5) desert pocket mice in screwbean mesquite, honey 
mesquite, and salt cedar-honey mesquite (Figs. 12-11 to 12-15). 

DISCUSSION 

Diet Evaluation 

Scat analysis compared to other methods of food habit evaluation has 
certain advantages: (1) it affords a more complete insight into diet if 
the area and number of coyotes investigated is small; (2) samples are 
relatively large and are readily collected; (3) it is a more random 
sampling technique; and (4) it presumably does not affect the organism 
studied. Certain disadvantages of scat analysis, dealing mainly with 
frequency of occurrence analysis, have been pointed out. Lockie (1959), 
Clark (1972), and Mech (1970, from empirical evidence) suggested that 
because animals of smaller size possess a higher proportion of 
undigestible to digestible matter, they are over-represented in percent 
frequency of occurrence analyses. Scott (1941, also from empirical 
evidence) suggested this was not the case. But he argued that food 
groups with a higher diversity of members may be over-represented in 
percent frequency of occurrence analyses because they have a higher 
11 scoring power." For example, because three mice species are noticeably 
different, they are each recorded as a new occurrence, whereas three 
chickens would receive only one record of occurrence; thus, mice are 
judged as being three times more frequent in scats than are chickens. 
Group diversity and/or prey size may bias percent frequency of 
occurrence analysis, which could lead to an unrealistic evaluation of 
the importance of different foods in the coyote diet. 
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Table 12-8. Number of coyote s c a t s  per  lun i n  f i v e  h a b i t a t  types  
(1975-1977). 

Habi t a t  type 1975 1976 1977 Tota l  

Honey mesqui te  7.8 2.8 9.6 20.2 

Screwbean mesquite 5.3 5.4 16.3 27 .O 

S a l t  cedar  3.4 3.7 6.6 13.7 

S a l t  cedar-honey 
mesquite 2.1 4.2 9.4 15.7 
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Table 12-9. Der iva t ion  of the  c o r r e c t i o n  f a c t o r  f o r  t he  b i a s  i n  coyote 
s c a t  abundance a t t r i b u t e d  t o  t h e  presence of roads. 
Correc t ion  f a c t o r  equals  (%  d i f f e r e n c e )  X ( %  road) .  

No. of No. of 
Habi ta t  s c a t s  s c a t s  Correct ion 
type/ per  km per  km Percent  Km of Percent  f a c t o r  
Year road pa th  d i f f e r e n c e  Sample t r a n s e c t  road (pe rcen t )  

Screwbean mesquite 

1975 7.5 4.9 

1976 3.8 5.7 

1977 18.8 15.6 

S a l t  cedar 

1975 7.4 2.2 

1976 10 .3  2.3 

1977 13.1 6 .O 

* 
Cottonwood-willow 

1976 3.3 2.8 

1977 9.9 4 .O 

* 
No road t r a n s e c t s  were e s t ab l i shed  i n  1975. 
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Table 12-10. Adjusted va lues  f o r  t he  number of coyote s c a t s  per  km i n  
t h e  t h r e e  h a b i t a t  types i n  which t h e r e  was an adequate 
sample of road and pa th  t r a n s e c t s .  

Habi ta t  type 1975 19 7 6 1977 Tota l  

Screwbean mesquite 5.1 5.8 16 .O 26.9 

S a l t  cedar 3.0 3.3 6.3 12.6 

Cottonwood-willow 3.8 2.8 4.2 10.8 
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Screwbean mesquite 

Cottonwood-willow 
----- Honey mesquite 
- Salt cedar 

F i g u r e  12-11. S e a s o n a l  d e n s i t i e s  ( N / 2 7 0  t r a p  n i g h t s )  o f  t h e  
w h i t e - t h r o a t e d  woodrat  i n  f o u r  h a b i t a t  t y p e s .  
W = w i n t e r ;  S  = summer. 
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F i g u r e  12-12. S e a s o n a l  d e n s i t i e s  (N/270 t r a p  n i g h t s )  of t h e  
Merriam kanga roo  r a t  i n  f o u r  h a b i t a t  t y p e s .  
H a b i t a t  t y p e s  and a b b r e v i a t i o n s  a s  i n  F i g u r e  
12-11. 
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F i g u r e  12-13. S e a s o n a l  d e n s i t i e s  (N/270  t r a p  n i g h t s )  o f  t h e  
d e s e r t  p o c k e t  mouse i n  f o u r  h a b i t a t  t y p e s .  
H a b i t a t  t y p e s  and a b b r e v i a t i o n s  a s  i n  F i g u r e  
12-11 .  



V e g e t a t i o n  Management - 489 

F i g u r e  12-14. S e a s o n a l  d e n s i t i e s  ( ~ 1 2 7 0  t r a p  n i g h t s )  o f  t h e  
c a c t u s  mouse i n  f o u r  h a b i t a t  t y p e s .  H a b i t a t  t y p e s  
and a b b r e v i a t i o n s  as i n  F i g u r e  12-11. 
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Figure 12-15. Seasonal densities (N/270 trap nights) of the 
deer mouse in four habitat types. Habitat 
types and abbreviations as in Figure 12-11. 
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If percent frequency of occurrence and percent volume are measured, 
these potential biases can be reduced by using a percent 
volume-to-percent frequency of occurrence index. If a prey item occurs 
more frequently as the result of a disproportionate quantity of 
undigestible matter or higher "scoring power," the denominator of the 
index increases. This lowers the index value unless there is a 
proportionate volume increase from consumption of more of the same item. 
Those prey items with proportionately less undigestible matter or lower 
11 scoring power" would have a relatively greater percent volume than 
percent frequency of occurrence; therefore, their V/F index would 
increase. Overrated items would have a decreased index value and 
underrated items would have an increased index value; the V/F ratio 
reduces both biases. 

Percent frequency of occurrence and percent volume measurements 
demonstrated contradictory conclusions about relative importance of food 
types when using these measurements independently. Proportions of 
rabbit, rodent, and unidentified mammals were inconsistent between 
measurements. Salt cedar changed rank entirely between measurements. 
One could observe the variations from year to year in percent frequency 
of occurrence and percent volume together instead of percent frequency 
of occurrence and percent volume independently. The fluctuations were 
inconsistent. For some items, percent frequency of occurrence increased 
one year, whereas percent volume did not. In another year both 
increased. The third year percent volume increased, whereas percent 
frequency of occurrence decreased. What conclusion can be reached 
concerning the relative importance of a food based on such a complex 
fluctuation? The v/F index incorporates both analyses, and the values 
were consistent among years for foods that occurred with relatively high 
frequency. The index was inconsistent among years for foods that 
occurred with low frequency (domestic, other). This may be because 
foods that occurred in low frequency in coyote scats were inconsistently 
available (e.g., livestock, deer, and carrion). 

To discern principal foods, a number of criteria should be used along 
with V/F values. This ratio assigns a value to the relationship between 
two numbers. The relationship could be the same for foods consumed 
infrequently compared to foods consumed frequently. Comparisons of V/F 
should be drawn among foods that occur in similar frequencies. 
Logically, foods consumed often and with high V/F values would be those 
foods upon which coyotes were most dependent for energy. 

We compared V/F values only among foods which occurred in scats all four 
years and showed some volume displacement. Other foods added to the 
diversity of diet but probably were not significant energy sources to 
the coyote. Among typical foods, most plants, invertebrates, fish, and 
birds had similar V/F ratios; these values were overshadowed by the V/F 
figur2s of mammals and mesquites. We considered rabbits and small 
rodert; the mainstay mammalian component of the coyote diet. Although 
domestic and other categories had high V/F values, they composed a low 
proportion of percent frequency of occurrence and percent volume. 
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Die t  and Prey Abundance 

Other workers have suggested t h a t  coyotes showed a func t iona l  response 
t o  prey abundance (Korschgen 1957, Clark 1972, N e l l i s  and Kei th  1976). 
Our analyses  suggest  t h a t  coyotes showed a response t o  rodent  populat ion 
l e v e l s  which r e f l e c t e d  a v a i l a b i l i t y  of t h i s  resource.  Mouse 
(Cr i ce t idae )  populat ions decreased from 1974 t o  1976. Rat ( C r i c e t i d a e  
and Heteromyidae) populat ions decl ined i n  1976. Therefore,  1976 had the  
more extreme decrease i n  rodent populat ions.  Rodents were shown t o  
c o n s t i t u t e  a major por t ion  of the  coyote d i e t .  I n  f a c t ,  t h e  
white-throated woodrat composed a s u b s t a n t i a l  p ropor t ion  of rodent 
consumption by coyotes.  Rodent consumption decreased s l i g h t l y  i n  1975 
and more severe ly  i n  1976. This decrease appeared t o  be o f f s e t  by 
increased  r a b b i t  consumption. Annual v a r i a t i o n s  i n  percent  volume and 
percent  frequency of occurrence of rodents  and r a b b i t s ,  a l though sma l l ,  
except  i n  1975 t o  1976, were c o n s i s t e n t l y  inverse .  Populat ion da t a  on 
r a b b i t s  over the  study period were unavai lab le .  Without such da t a  we 
cannot d e f i n i t e l y  determine t h a t  rodent  consumption by coyotes showed a 
func t iona l  response. Rabbit populat ions nay have inc reased ,  whereas 
rodent populat ions decl ined.  The drop i n  rodent  consumption may then 
have been assoc ia ted  wi th  increased numbers of r a b b i t s  and not  decreased 
numbers of rodents .  Er r ington  (1937) repor ted  t h i s  i n  t he  red fox. 
This suggests  t h a t  an i n v e s t i g a t o r  r equ i r e s  knowledge of t h e  i n t e r a c t i o n  
of a l l  p r i n c i p a l  prey populat ion l e v e l s  i n  r e l a t i o n  t o  food consumption 
ana lyses  to  a c t u a l l y  demonstrate a func t iona l  response. 

I n  1976 rodent populat ions decl ined t o  lowest l e v e l s  during t h e  s tudy 
and coyote d i e t  d i v e r s i t y  was h ighes t .  Dixon (1925) repor ted  t h a t  t h e  
g r e a t e s t  use of "other  mammals" a s  food occurred when r a b b i t  and mice 
abundances were low. The increased d i e t  d i v e r s i t y  i n  1976 may be 
r e l a t e d  t o  t he  depressed rodent d e n s i t i e s .  

Dixon (1925) a l s o  noted t h a t  l i v e s t o c k  consumption by coyotes  was low 
when r a b b i t  and rodent consumption was high and v i c e  versa .  I n  t he  
present  s tudy,  consumption of domestic spec ies  was s l i g h t ,  nowhere near  
t he  l e v e l  of r a b b i t  and rodent consumption, and t h i s  changed very l i t t l e  
between years .  What s l i g h t  changes the re  were, were not  c o n s i s t e n t  wi th  
low r a b b i t  and rodent consumption. Highest propor t ions  of l i v e s t o c k  
consumption occurred i n  1974 and 1976 when rodent  o r  r a b b i t  consumption 
was a l s o  h ighes t .  

Mesquite 

The percent  volume and percent  frequency of occurrence of mesquite i n  
coyote s c a t s  exceeded the  percent  volume and percent  frequency of 
occurrence of each mammal, and the  V/F r a t i o  approached some of the 
lower mammalian r a t i o s .  No o ther  p l an t  types approached these  values.  
Mesquites appear t o  be an important food f o r  coyotes .  One d i f f i c u l t y  i n  
us ing  a V/F index,  and p a r t i c u l a r l y  i n  using i t  t o  compare p l an t  foods 
t o  animal foods,  i s  t h a t  t he re  a r e  d i f f e r ences  i n  degree of 
d i g e s t i b i l i t y  of t hese  food c l a s se s .  Di f fe rences  should not  be so 
extreme wi th in  animal o r  p l an t  ca t egor i e s  as those between p l an t  and 
animal ca t egor i e s .  P l an t  matter  was l e s s  e a s i l y  d iges ted  than animal 
ma t t e r ;  consequently p l a n t s  would show volumes (and t h e r e f o r e  V/F) 
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g r e a t e r  than those of mammals. N. Dodd (unpubl.  d a t a )  q u a n t i f i e d  t h e  
degree of d i g e s t i b i l i t y  of d i f f e r e n t  foods by coyotes .  He determined,  
on the b a s i s  of t he  volume of pre inges ted  food compared t o  pos t i nges t ed  
food, t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  (P>0.05) - i n  t h e  average 
percent  of d i g e s t i b i l i t y  of c o t t o n t a i l  r a b b i t ,  j a c k r a b b i t ,  and q u a i l  by 
coyotes (83.4 + 5.7,88.9 + 0.9,87.8 + 1.3%, r e s p e c t i v e l y ) ,  bu t  t h e r e  was 
a s i g n i f i c a n t  x i f f e r e n c e  Tetween t h e p e r c e n t  of d i g e s t i b i l i t y  of honey 
mesquite pods (6.8 - + 1.9%) and percent  of d i g e s t i b i l i t y  of each of t he se  
animal foods.  

Following these  d a t a ,  t h e  importance of mesqui te  i n  t h e  coyote  d i e t  
should drop r e l a t i v e  t o  mammalian foods. Mesquite volumes a r e  b iased  
h igh ,  t h e  bulk being undigested and unu t i l i z ed .  Although d i g e s t i o n  of 
honey mesquite pods by coyotes  seldom exceeded p a r t i a l  breakdown of t h e  
pod i t s e l f ,  t h e  pod is a r i c h  carbohydrate  source ( C a t l i n  1925, Benson 
1941). According t o  Walton (1923) ,  t he  pods con ta in  31% sugar  and 9.5% 
p ro t e in .  Percent  frequency of occurrence and percent  volume measures 
i nd i ca t ed  t h a t  coyotes  consumed a g r e a t  number of mesqui te  pods. I n  t h e  
coyote d i e t  mesquite pods may starve a d i f f e r e n t  f u n c t i o n  than does 
mammalian p ro t e in ;  t h a t  is, they 7rovide a carbohydrate  f u e l  r e se rve .  
Pod consumption by coyotes  was g r r J t e s t  i n  f a l l  and w i n t e r ,  pe r iods  of 
lower ambient temperatures  and h igher  meta5ol ic  hea t  c o s t s ,  r a t h e r  than 
during August and September, t h e  per iod of peak pod abundance. 

Seasonal Consumption 

Peak consumption of mammals and b i r d s  by coyotes  corresponded t o  t h e  
seasona l  populat ion peaks of t he se  prey. It a l s o  corresponded t o  t he  
coyote breeding season. From the  examination of r ep roduc t ive  t r a c t s  of 
coyotes co l l ec t ed  i n  13 wes te rn  s t a t e s ,  inc lud ing  Arizona,  Hamlett 
(1938) found t h a t  t h e  coyote  breeding season was under way by February. 
Observations of a small  c a p t i v e  coyote popula t ion  i n  a deser t -vege ta ted  
enc losure  a t  Arizona S t a t e  Un ive r s i t y  i nd i ca t ed  t h a t  breeding begins  i n  
l a t e  January o r  e a r l y  February. Ges ta t ion  i s  60-63 days (Gier  1957, 
Kennelly 1978).  L i t t e r s  were born t o  t h e  c a p t i v e  coyotes  i n  e a r l y  
Apr i l .  

Coyote reproduct ive  success  depends on f avo rab l e  environmental 
cond i t i ons ,  inc lud ing  food a v a i l a b i l i t y  (Murie 1940, Gier 1957 and 1975, 
Clark 1972, N e l l i s  and Kei th  1976). Clark  (1972) found t h a t  t h e  coyote 
reproduct ive r a t e  was c o r r e l a t e d  wi th  j ack rabb i t  density--a major food 
item f o r  those coyotes .  He suggested a pos s ib l e  e f f e c t  of food 
a v a i l a b i l i t y  on ovula t ion .  Rodents and r a b b i t s  were mainstay foods f o r  
coyotes on t h e  lower Colorado River.  Peak abundance and consumption of 
mammals (and b i r d s )  corresponded t o  t he  coyote  breeding season when food 
a v a i l a b i l i t y  was of c r i t i c a l  importance t o  reproduct ive  success .  

Hab i t a t  Assoc ia t ion  

We have examined t h e  importance of mammals and mesquite f r u i t s  i n  t h e  
coyote d i e t  and d iscussed  a p o t e n t i a l  f u n c t i o n a l  response by coyotes  t o  
rodent  abundance. Rodent t r app ing  d a t a  and mesquite pod counts  
i d e n t i f i e d  abundances of t he se  foods among d i f f e r e n t  h a b i t a t  types.  
Rodent spec ies  showed a s s o c i a t i o n s  t o  p a r t i c u l a r  h a b i t a t s .  Rats and 
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pocket  mice were more numerous i n  screwbean and honey mesqu i te ;  mice 
were l e s s  numerous i n  mesqui te  h a b i t a t s .  The whi te - th roa ted  woodrat 
r a t e d  a s  a  p r i n c i p a l  food. There  were more screwbean mesqu i te  pods on 
t h e  ground than  honey mesqu i te  pods,  and screwbean mesqui te  pods were 
a v a i l a b l e  t o  a  l a t e r  d a t e  t h a n  were honey mesqu i te  pods. 

Using t h e  above d a t a ,  we p r e d i c t e d  screwbean mesqui te  s t a n d s ,  and 
s e c o n d a r i l y  honey mesqu i te  s t a n d s ,  t o  be p r e f e r r e d  f o r a g e  h a b i t a t s .  We 
expected coyo tes  t o  f r e q u e n t  mesqu i te  h a b i t a t s  more than cottonwood- 
wi l low o r  s a l t  cedar  h a b i t a t s .  P e l l e t  coun ts  have been used as r e l a t i v e  
d e n s i t y  e s t i m a t e s  f o r  many organisms (Tay lor  1930, r o d e n t s ;  Tay lor  e t  
a l .  1935, r a b b i t s ;  McClure 1945, pheasan t s ;  Emlen e t  a l .  1957,  r o d e n t s ;  
Overton and Davis 1969, a rev iew of many animal  t y p e s ;  Benne t t  e t  a l .  
1940, d e e r ;  C l a r k  1972, c o y o t e s ) .  Tay lor  (1930) noted t h a t  r a b b i t s  
d e p o s i t e d  p e l l e t s  a lmost  immediately a f t e r  f e e d i n g .  Bennet t  e t  a l .  
(1940:401) s t a t e d  t h a t  "deer  d e p o s i t e d  a g r e a t  p r o p o r t i o n  of t h e i r  
p e l l e t  groups  n e a r  where t h e y  fed  s o  t h a t  t h e  d i s t r i b u t i o n  of p e l l e t  
groups  becomes a  u s e f u l  key t o  f o r a g e  p re fe rences . "  They found t h a t  
p o p u l a t i o n  e s t i m a t e s  by p e l l e t  c o u n t s  agreed w i t h  f i g u r e s  o b t a i n e d  by 
o t h e r  census  methods. Coyotes drop s c a t s  a lmost  immediately a f t e r  t h e y  
feed  (Bekoff p e r s .  comm.). ( T h i s  does  n o t  mean, however, t h a t  t h e s e  
s c a t s  conta ined remains of m a t e r i a l  most r e c e n t l y  consumed.) Coyote 
s c a t s  were most numerous i n  screwbean mesqui te  i n  two of t h r e e  y e a r s  and 
i n  honey mesqu i te  one y e a r .  We judged r e l a t i v e  s c a t  abundance a s  
i n d i c a t i v e  of r e l a t i v e  v i s i t a t i o n  by coyo tes  i n  h a b i t a t  t y p e s .  
Screwbean and honey mesqui te  appeared t o  be p r e f e r r e d  f o r a g i n g  h a b i t a t s ,  

Management I m p l i c a t i o n s  

These food h a b i t  a n a l y s e s  sugges t :  ( 1 )  n a t i v e  r i p a r i a n  h a b i t a t s  should ,  
be  mainta ined a s  f o r a g e  and cover  a r e a  f o r  t h e  coyo te  i n  t h e  lower 
Colorado River  v a l l e y ;  ( 2 )  l i v e s t o c k  was n o t  a  major food i t e m  f o r  t h e  
coyote;  ( 3 )  coyote  food h a b i t s ,  i . e . ,  t h e  dependence on s m a l l  r o d e n t s  
and r a b b i t s ,  may be an  asset t o  fa rmers  i n  t h e  v a l l e y .  Screwbean and 
honey mesqu i te  h a b i t a t  a f f o r d  t h e  g r e a t e s t  abundance of major  foods  f o r  
t h e  coyo te ,  and t h e  number of coyo te  s c a t s  among h a b i t a t  t y p e s  i n d i c a t e d  
t h a t  coyo tes  f requen ted  mesqui te  h a b i t a t s  most o f t e n .  T h e r e f o r e ,  
mesqu i te  h a b i t a t s  should be p rese rved .  

Coyotes consumed l i v e s t o c k  and a g r i c u l t u r a l  c r o p s ,  b u t  t h e s e  appeared a s  
i t ems  adding t o  t h e  d i v e r s i t y  of foods  consumed and d i d  n o t  r ank  a s  
p r i n c i p a l  foods  upon which coyo tes  appear  t o  be e n e r g e t i c a l l y  dependent.  
Other  s t u d i e s  have r e p o r t e d  t h a t  coyo tes  r e s o r t  t o  l i v e s t o c k  consumption 
when abundances of o t h e r  major f o o d s ,  such a s  r a b b i t s  and/or  r o d e n t s ,  
a r e  low. L i v e s t o c k  consumption by c o y o t e s  i n  t h i s  r e g i o n  d i d  n o t  
correspond t o  (and t h e r e f o r e  d i d  n o t  o f f s e t )  decreased roden t  
consumption. During decreased  roden t  abundance coyo tes  a t e  more 
mesqu i te  pods, preyed more h e a v i l y  on r a b b i t s ,  and consumed a  g r e a t e r  
d i v e r s i t y  of f o o d s ,  such as a r t h r o p o d s ,  r e p t i l e s  and p l a n t s .  Th i s  
s u g g e s t s  t h a t  coyo tes  i n  t h i s  r e g i o n  d i d  n o t  p rey  h e a v i l y  on l i v e s t o c k ,  
t h a t  i s ,  sheep t h a t  grazed i n  t h e  v a l l e y  dur ing  w i n t e r  months. Th i s  i s  
n o t  t o  say  t h a t  some coyotes  d i d  n o t  k i l l  and e a t  sheep ,  b u t  g e n e r a l l y  
t h e  coyote  p o p u l a t i o n  r e l i e d  most h e a v i l y  on n a t u r a l  foods .  
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C o t t o n t a i l  r a b b i t s ,  small  rodents ,  and mesquite f r u i t s  were t h e  most 
important components i n  t h e  coyote d i e t .  Rabbits  and rodents  a r e  t o  
some degree p e s t s  to  a g r i c u l t u r e .  Eadie (1954) and Gier  (1957) repor ted  
the  economic b e n e f i t s  of p o t e n t i a l  coyote preda t ion  of pes t  rodents .  
Coyote food h a b i t s ,  i . e . ,  dependence on r a b b i t s  and roden t s ,  may be a  
b e n e f i t  t o  farmers i n  t he  va l l ey .  Although rodent  d e n s i t i e s  o t h e r  than  
pocket gophers a r e  small  i n  a g r i c u l t u r a l  l and ,  r a b b i t  popula t ions  a t e  
l a r g e  (Anderson and Ohmart 1982). 

Major foods f o r  coyotes were ones which were abundant i n  t h e  region.  
Stands of honey mesquite were previous ly  much more ex tens ive  and 
mesquite pod production was p r o l i f i c  ( m i l l i o n s  of pods per  40 ha)  i n  t h e  
lower Colorado River v a l l e y ,  and small  rodents  and c o t t o n t a i l  r a b b i t s  
showed an extended breeding period (due probably t o  t he  mild r eg iona l  
c l imate) .  Native r i p a r i a n  h a b i t a t s  harbor  these  foods. Therefore,  i f  
adequate n a t i v e  h a b i t a t  i s  preserved,  coyote popula t ions  could be 
sus ta ined  i n  those a reas  and would present  l i t t l e  t h r e a t  t o  farms o r  
l i ves tock .  
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CHAPTER 13 

INTEGRATION AND CONCLUSIONS 

We i n i t i a l l y  s t a t e d  t h a t  t h e  major o b j e c t i v e  of our  work was t o  explore  
t he  p o s s i b i l i t y  of managing r i p a r i a n  vege ta t ion  f o r  t he  enhancement of 
w i l d l i f e  i n  order  t o  ( 1 )  reduce water l o s s  caused by evapo t r ansp i r a t ion ,  
( 2 )  reduce t o t a l  f l oodp la in  vege ta t ion  a t  he igh t s  of 0.5-3 m (5-10 f t )  
so  t h a t  f lood flows could pass r e l a t i v e l y  unimpeded by t h e  damming 
e f f e c t  of dense vege ta t ion ,  and ( 3 )  explore  t h e  economic and t echn ica l  
f e a s i b i l i t y  of revegeta t ing  a reas .  These o b j e c t i v e s  were t o  blend wi th  
w i l d l i f e  enhancement. The purpose of t h i s  f i n a l  chapter  i s  t o  i n d i c a t e  
t h e  degree t o  which these  ob jec t ives  can be met,  i n  t he  l i g h t  of d a t a  
presented i n  t h e  preceding chapters .  

METHODS 

Summary Assessment of Wi ld l i f e  Use of Ripar ian  Hab i t a t s  

An es t imat ion  of t he  va lue  of va r ious  r i p a r i a n  h a b i t a t s  t o  w i l d l i f e  
should be q u a n t i t a t i v e  and should inc lude  a l l  w i l d l i f e  ca t egor i e s  
s tud ied .  This  is  d i f f i c u l t  because d i f f e r e n t  popula t ion  u n i t s  were used 
f o r  assess ing  each ca tegory ,  e.g., b i r d  numbers were expressed a s  N per  
40 ha ,  rodent  numbers a s  N per  270 t r a p  n i g h t s ,  and coyote numbers a s  
s c a t s  per t r a n s e c t .  We circumvented t h i s  d i f f i c u l t y  by t a b u l a t i n g  the  
number of times each of t h e  23 h a b i t a t  types ranked among the  top  t h r e e  
f o r  a  given w i l d l i f e  category.  Summing t h i s  number ac ros s  a l l  w i l d l i f e  
ca t egor i e s  y ie lded  a  rough index t o  t h e  value of each h a b i t a t  type. 
F i f ty - s ix  d i f f e r e n t  w i l d l i f e  ca t egor i e s  (Table 13-1) were included.  
These r ep re sen t  a l l  of t h e  v a r i a b l e s  we s tudied .  C lea r ly  b i r d s  
cont r ibu ted  t o  a  f a r  g r e a t e r  ex t en t  than mammals. We would argue t h a t  
c o l l e c t i v e l y  b i r d s  c o n t r i b u t e  more i n  terms of numbers of spec ies  and 
numbers of i n d i v i d u a l s  than mammals. They a r e  a l s o  important 
economically because of t h e i r  a e s t h e t i c  value and importance a s  game 
b i rds .  The d i s p a r i t y  i n  t he  con t r ibu t ion  was evened t o  some degree by 
lumping seve ra l  b i r d  spec i e s  i n t o  each of s e v e r a l  c a t e g o r i e s  and by 
considering each of e i g h t  mammals spec i e s  s epa ra t e ly .  With t h i s  
procedure t h e  sca rce  ha rves t  mouse counted a s  much i n  t he  f i n a l  
eva lua t ion  a s  t h e  dens i ty  of v i s i t i n g  in sec t ivo rous  b i r d s  i n  a  given 
season. Thus b i r d s ,  even though they con t r ibu ted  n e a r l y  t h r e e  times a s  
much t o  the  a n a l y s i s  a s  mammals, a r e  not  g ros s ly  overrepresented.  We 
emphasize, however, t h a t  conclusions would be a l t e r e d  l i t t l e  even i f  
mammals cont r ibu ted  equal ly  a s  much a s  b i r d s  o r  even i f  they cont r ibu ted  
twice a s  much a s  b i rds .  The reader  i s  welcome t o  t e s t  t h i s  with t h e  
d a t a  presented i n  Appendix 13-1. Adding i n s e c t s  t o  t he  eva lua t ion  would 
make only minor,  i f  any, changes i n  conclusions.  We have found t h a t  
i n s e c t  d e n s i t i e s  and d i v e r s i t i e s  a r e  c l o s e l y  c o r r e l a t e d  wi th  d e n s i t i e s  
of insec t ivorous  b i r d s  (Anderson and Ohmart unpubl. d a t a ) .  
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Table  13-1. V a r i a b l e s  used i n  a s s e s s i n g  w i l d l i f e  use  of v a r i o u s  
r i p a r i a n  h a b i t a t s  a long  t h e  lower  Colorado R i v e r .  Sp = 
s p r i n g ,  Su = summer, LS = l a t e  summer, F  = f a l l ,  and W = 
w i n t e r .  

V a r i a b l e s  
T o t a l  number P e r c e n t  of 
of c a t e g o r i e s  t o t a l  

BIRDS 4 1  73.2 

T o t a l  s p e c i e s  - Sp, Su, LS, F, W 5  8.9 

Number of s p e c i e s :  

Permanent r e s i d e n t  i n s e c t i v o r e s  - Sp, Su,  LS, 
F ,  W 5 8.9 

V i s i t i n g  i n s e c t i v o r e s  - Sp, Su, LS, F, W 5  8.9 

Dens i ty  o f :  

Permanent r e s i d e n t  i n s e c t i v o r e s  - Sp, Su, LS, 
F ,  W 5 8.9 

V i s i t i n g  i n s e c t i v o r e s  - Sp,  Su, LS, F ,  W 5  8.9 
Ganbel Qua i l  - Sp, Su, LS, F,  W 5  8.9 
Doves - Sp,  Su, LS, F ,  W 5 8.9 
Gran ivores  - Sp, F, W 3 5.4 
F r u g i v o r e s  - Sp, F, W 3 5.4 

MAMMALS 15 26.8 

N/270 t r a p  n i g h t s :  
Cactus mouse - two seasons  
White- throated woodrat  - two s e a s o n s  
Merriam kangaroo r a t  - two s e a s o n s  
Dese r t  pocket  mouse - two s e a s o n s  
Deer mouse - two s e a s o n s  
Harves t  mouse - a n n u a l  t o t a l  
Southern  g rasshopper  mouse - a n n u a l  t o t a l  

Coyote s c a t s l t r a n s e c t  - annua l  t o t a l  f o r  each  of 
t h r e e  y e a r s  3  5.4 
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Developing Predictive Capabilities 

Wildlife 

The procedure described above allows one to discriminate habitats of low 
wildlife use values from those of high wildlife use. We developed 
predictive capabilities by correlating the total number of times each 
habitat ranked in the top three (across all wildlife categories) with 
the number of cottonwood, willow, and honey mesquite trees. However, 
all vegetation types were considered for each wildlife group. These 
tree species were chosen because they were by far the variables most 
frequently significantly associated with wildlife densities and 
diversities (Fig. 5-3). These species would be among those most often 
included in revegetation projects. The extent to which they preferred 
some other habitats is clearly presented in Appendix 13-1. The 
predictive regression equation is expressed as: 

where NWC is the number of wildlife categories ranking in the top 
three, B1 and B2 are regression coefficients for slope, Sm and SH are 
the number of cottonwood-willow or honey mesquite per acre, and Bo is 
the intercept coefficient. 

Nearly all habitats, even those called honey mesquite or cottonwood- 
willow, have several variables sharing in any explanation of why 
wildlife use the area. For example, frugivorous birds are associated 
with honey mesquite because mistletoe, the fruit of which is eaten by 
frugivorous birds, happens to infest honey mesquite much more often than 
any other tree species. Similarly, many birds are attracted to quail 
bush, wolfberry, and other shrubs. Using equations developed earlier in 
this report, we first attempted to subtract all groups from the total 
number in the top three ranks in any habitat type if their rank in that 
habitat was due to some environmental variable other than cottonwood, 
willow, or honey mesquite. Thus frugivores, even though they always had 
their highest ranks in honey mesquite, were subtracted from the total 
number of top three ranks in that habitat type. In salt cedar habitats, 
where cottonwood, willow, or honey mesquite, by definition, did not 
occur, the contribution to wildlife use by cottonwood, willow, and honey 
mesquite was, of course, zero. 

Foliage Density 

In estimating potential reduction in water loss due to evapotranspi- 
ration we assume that there is a linear relationship between foliage 
density and total evapotranspiration. This assumption is based on the 
finding that honey mesquite, which has the lowest foliage density per 
unit area has an ET rate of about 0.22 mm/hr (Gay and Sammis 1977). 
Salt cedar has the densest foliage per unit area and has an ET rate of 
about 0.47 mm/hr (Gay et al. 1976). Cottonwood and willow have somewhat 
less foliage density per unit area than salt cedar and have an ET rate 
about as high or a little lower than salt cedar (Cunningham et al. 
1973). Atriplex, with foliage density somewhat greater than honey 
mesquite has an estimated ET of 0.24 mm/hr (McDonald and Hughes 1968). 
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For purposes of making p red ic t ions  about changes i n  t o t a l  f o l i a g e  
dens i ty  and f o l i a g e  dens i ty  a t  1.5 and 3.0 m ,  we developed r eg res s ion  
equat ions  f o r  the  r e l a t i o n s h i p  between number of t r e e s  present  and t o t a l  
f o l i a g e  dens i ty  and f o l i a g e  dens i ty  a t  1.5-3.0 m. I n  making t h i s  
determinat ion we subt rac ted  a l l  f o l i a g e  dens i ty  cont r ibu ted  by 
vege ta t ion  o ther  than cottonwood and willow t r e e s  i n  cottonwood-willow 
h a b i t a t s  and by o the r  than honey mesquite i n  honey mesquite h a b i t a t s .  
Since a given number of honey mesquite t r e e s  does not  have the  same 
f o l i a g e  dens i ty  as  an equal number of cottonwood o r  willow t r e e s ,  
s epa ra t e  r eg re s s ion  equat ions had t o  be developed f o r  honey mesquite and 
cottonwood-willow. 

Habi ta t  Improvement 

In  preceding chapters  we have demonstrated t h e  low h a b i t a t  q u a l i t y  of 
s a l t  cedar so the  following examples involve c l ea r ing  of s a l t  cedar 
h a b i t a t s .  These d a t a  a r e  summarized i n  Appendix 13-1. However, any 
h a b i t a t  could have been used. We a l s o  assume t h a t  a r e a s  t o  be c l ea red  
and revegetated encompass a t  l e a s t  40 ha (100 a ) .  Problems of s c a l i n g  
render our da t a  l e s s  appropr ia te  a s  the  s i z e  of t he  a r e a  decreases ,  
u n t i l  they become completely inappropr i a t e  a t  about 10 ha. Since 
cottonwood-willow and honey mesquite were both among the  bes t  w i l d l i f e  
h a b i t a t s ,  they a r e  both p o t e n t i a l  candida tes  f o r  revegeta t ion  p r o j e c t s .  
In  f a c t ,  because each of these  h a b i t a t s  i s  a t t r a c t i v e  t o  somewhat 
d i f f e r e n t  ca t egor i e s  of w i l d l i f e ,  we assume t h a t  a l l  revegeta t ion  
e f f o r t s  w i l l  include both of t hese  n a t i v e  t r e e  spec i e s  (cottonwood and 
willow a r e  considered one spec i e s ) .  

Enhancement of an a rea  can be predic ted  from: 

(Equation 1)  X PC 
E = - 1 X 100 (Equation 2 )  

where E r ep resen t s  enhancement, PC i s  t h e  proport ion of the c leared  a rea  
t o  be =vegetated,  and W i s  the  number of w i l d l i f e  ca t egor i e s  ranked 
among t h e  top th ree  i n  tfie c l ea red  a rea  before  c l ea r ing .  

Evaluat ion of Habi ta t  Use by Wi ld l i f e  Category 

The h a b i t a t s  i n  which each of var ious  f auna l  components was ranked i n  
t he  top t h r e e  a r e  presented i n  d e t a i l  i n  Appendix 13-1. A summary of 
t h i s  information c l e a r l y  i n d i c a t e s  t h a t  peak w i l d l i f e  use  over s eve ra l  
yea r s  ( t h r e e  f o r  coyotes ,  f i v e  f o r  rodents ,  four  f o r  b i r d s )  f o r  which 
d a t a  a r e  presented occurred i n  CW I - I V  and HM I11 and I V  h a b i t a t s  (Table 
13-2). Even a f t e r  co r r ec t ing  f o r  t he  poss ib l e  con t r ibu t ion  of o the r  
vege ta t ion  such a s  shrubs and m i s t l e t o e ,  t hese  h a b i t a t s  remain the  
premiere r i p a r i a n  h a b i t a t s  along the  lower Colorado River.  D e t a i l s  
(Appendix 13-1) show t h a t  these  two h a b i t a t s  were the  "best" o r  were 
among the  "best" f o r  a l l  of the ca t egor i e s  l i s t e d  except perhaps the  
Merriam kangaroo r a t .  But even f o r  t h i s  spec i e s  our regress ion  a n a l y s i s  
(Chapter 11) i nd ica t ed  t h a t  honey mesquite h a b i t a t s  were important ,  even 
though t h i s  f i n a l  a n a l y s i s  i n d i c a t e s  t h a t  honey mesquite h a b i t a t s  were 



Table 13-2. Wildlife and vegetation characteristics for 23 riparian habitat types found 
in the lower Colorado River valley. CW = cottonwood-willow, HM = honey 
mesquite, SC = salt cedar, SB = screwbean mesquite, SH = salt cedar-honey 
mesquite, AW = arrowweed. 

Average number Approximate Treeslacre Foliage density 
of wildlife contribution (0.4 ha) of CW or HM 
categories by vegetation 

Vegetation ranking other Contribution 
type in top three than CW or HM by CW or HM CW HM 1.5-3.0m Total 
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not consistently among the top three across the five years of study. In 
contrast, salt cedar habitats were consistently among the best habitats 
only for doves (SC 11), cactus mouse (SC 11), Merriam kangaroo rat (SC 
VI), southern grasshopper mouse (SC V), desert pocket mouse (SC 111 and 
V), and deer mouse (SC I and VI). 

Peak Use-Habitat Correlation 

The relationship between the number of high ranks for the various faunal 
components and the number of cottonwood-willow and honey mesquite trees 
per acre was highly significant (F = 28.2, df 2,20, - P<0.0001) and is 
expressed as : 

NWC = 9.310g10  acre + 6.310g10H~/acre + (-0.9) (Equation 3). 

If 100 a (40 ha) of salt cedar IV habitat were cleared and if 
cottonwood-willow trees were planted at densities of 10 trees per acre 
(25/ha) and honey mesquite at 80 trees per acre in just 30% of the total 
area, there would be a theoretical enhancement in the area of about 80% 
(Table 13-3). At these tree densities the values of the area to 
wildlife would triple if 60% of the cleared area was revegetated. A t  
tree densities of 10 cottonwood-willow and 80 honey mesquite per acre we 
would predict that several species of visiting insectivores would not be 
enhanced as much as permanent resident insectivores because the former 
tended to be associated with greater numbers of cottonwood-willow. For 
this reason a more even ratio of cottonwood-wil1ow:honey mesquite is 
probably preferable. Certainly no realistic revegetation plan should 
ignore these two groups. It can be determined (Appendix 13-1) that if 
honey mesquite and cottonwood-willow are planted in about equal numbers 
many diverse wildlife categores would be enhanced, varying from rodents 
to coyotes to birds in various groups. If species low on the food , 

pyramid (rodents) are benefited, higher order consumers, including some 
snakes, birds of prey, foxes, bobcats, etc., will also benefit. 

Even if honey mesquite is planted in large numbers, we would not predict 
the presence of frugivorous species such as Phainopepla, whose presence 
depends on the presence of mistletoe berries. A study of ways to 
artificially infest honey mesquite with mistletoe should be initiated. 
Until then we cannot predict the presence of mistletoe and therefore the 
presence of frugivores. Planting of shrubs in plots of 2-4 ha (5-10 a) 
would help insure that enhancement would occur, as it would add vertical 
and horizontal diversity to the vegetation. Several bird species are 
known to be attracted to shrubs of various species (see Chapter 5 this 
study, Anderson et al. 1978, Meents et al. 1982). 

Predicting Foliage Densities 

Total foliage density and number of cottonwood-willow trees per acre 
(0.4 ha) is predicted by: 

Total foliage density = -0.02 + 0.01 ~W/acre, r = 0.99, r2 = 0.99, 
P<0.01 (Equation 4). - 
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Table  13-3. W i l d l i f e  enhancement t o  be expected i f  40 ha (100 a )  of 
s a l t  cedar  Type I V  h a b i t a t  were c l e a r e d  and r e p l a c e d  by 
cottonwood-willow (CW) and honey mesqu i t e  (HM) t r e e s .  The 
numbers i n  t h e  m a t r i x  a r e  t h e  p e r c e n t  enhancement expec ted .  

Number of CW and HM 
p e r  a c r e  

i n  r e v e g e t a t e d  p o r t i o n  P e r c e n t  of c l e a r e d  a r e a  t o  be r e v e g e t a t e d  
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At 1.5-3.0 m the relationship was: 

Foliage density 1.5-3.0 m = 0.02 + 0.002 CW/acre, r = 0.94, r2 = 0.89, 
P<0.05 (Equation 5). - 

For honey mesquite the equations were: 

Total foliage density = 0.16 + 0.006 HMlacre, r = 0.98, r2 = 0.96, 
P<0.10 (Equation 6) - 

and 

Foliage density 1.5-3.0 m = 0.08 + 0.004 HM/acre, r = 0.80, rZ = 0.64, 
P<0.20 (Equation 7). - 

Although the equations for honey mesquite are not significant at the 
0.05 level, this primarily reflects the small samples used in making the 
calculations. The consistently high correlation coefficients (r) lend 
credence to their use. Data used in these calculations are found in 
Table 13-2. 

If 40 ha (100 a) of salt cedar Type IV habitat is cleared and replaced 
with densities of 10 cottonwood-willow and 80 honey mesquite per acre 
over 40% of the area, there would be a net decrease in the total foliage 
density in the area of 55% at maturity of the revegetated portions 
(Table 13-4). If vegetation removal salvages ground water, then this 
revegetation plan should result in a significant water savings. It 
would also have a 154% enhancement effect on wildlife (Table 13-3). 
Foliage at 1.5-3.0 m, which is likely to inhibit passage of floodwater 
would be reduced by 47%. As stated above, a more even ratio of 
cottonwood-wil1ow:honey mesquite is preferrable. If the ratio were 50 
cottonwood-willow to 40 honey mesquite, there would be a 45% reduction 
in total foliage density. As the number of cottonwood-willow increases, 
foliage density at 1.5-3.0 m decreases; thus in this example, there 
would be a 57% decrease in foliage at this level relative to the amount 
typically found in salt cedar Type IV vegetation. 

Testing Predicted Wildlife Enhancement Values 

About 44% of our 30-ha (75-a) dredge-spoil revegetation site was 
revegetated. In predicting wildlife use of this area for 1982 with 
Equation 3 we considered honey mesquite and palo verde trees to be at 
least rough ecological equivalents (Anderson and Ohmart unpubl. data), 
so their numbers were combined. The ratio of cottonwood-willow to honey 
mesquite + palo verde was 40:13. Using Equation 2, wildlife enhancement 
is predicted to be: 

9-3 X loglo4o + 6.3 X l0glO13 + -0.9 x 0.44 
NWC = = 3.08 

The 0.44 on the right end of the -numerator is the proportion being 
cleared, and the denominator is the wildlife value for salt cedar Type 
IV habitat (Appendix 13-1). 
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Table  13-4. P r e d i c t e d  p e r c e n t  r e d u c t i o n  i n  t o t a l  f o l i a g e  d e n s i t y  and 
d e n s i t y  a t  1.5-3.0 m assuming t h a t  40 ha of s a l t  c e d a r  Type 
I11 h a b i t a t  was c l e a r e d  and rep laced  i n  va ry ing  amounts by 
cottonwood-willow (CW) o r  honey mesqu i te  (HM). The numbers 
i n  t h e  m a t r i x  r e p r e s e n t  t h e  pe rcen tage  by which t h e  f o l i a g e  
d e n s i t y  b e f o r e  c l e a r i n g  would be reduced when t h e  
r e v e g e t a t e d  a r e a  i s  mature .  

Tree  d e n s i t i e s  i n  
r e v e g e t a t e d  P e r c e n t  of a r e a  be ing  

p o r t i o n  r e v e g e t a t e d  

T o t a l  f o l i a g e  d e n s i t y  10 8 0 

2 0 7 0 

30 6 0 

4 0 50 

50 40 

60 3 0 

70  2 0 

8 0 10 

F o l i a g e  d e n s i t y  1.5-3.0 m 10 8 0 

20 7 0 

3 0 60 

40 50 

50 4 0 

60 30 

70 20 

80 10 
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The revegetated a rea  was not  trapped enough t o  eva lua t e  poss ib l e  
enhancement of rodents .  The va lue  f o r  coyotes  was no t  determined. 
Therefore,  t h e  t e s t  of pred ic ted  improvement l i e s  exc lus ive ly  wi th  t h e  
outcome f o r  b i r d s  (Table 13-5). I n  making t h i s  de te rmina t ion  we f i r s t  
ca l cu la t ed  the  four-year average f o r  t he  third-ranked va lue  f o r  each of 
t h e  components ( t o t a l  spec i e s ,  d e n s i t i e s  of v i s i t i n g  i n s e c t i v o r e s ,  
e t c . ) .  I f  t h e  r e spec t ive  va lue  f o r  t he  dredge s p o i l  was equal  t o  o r  
g r e a t e r  than the  average f o r  a given category we concluded t h a t  i t  would 
probably have ranked i n  the  top t h r e e  f o r  a l l  t he  h a b i t a t  types i n  
r i p a r i a n  vegeta t ion .  

Over the  f i v e  seasons i n  1982 t h e r e  was a t o t a l  of 15 c a t e g o r i e s  judged 
t o  have ranked among t h e  top  t h r e e  i n  r i p a r i a n  vegeta t ion .  Since t h e  
a r e a  a l s o  had shrubs p re sen t ,  some adjustment must be made t o  account 
f o r  b i r d s  a t t r a c t e d  t o  t he  a r ea  because of shrubs (Rice e t  a l .  1983). 
I n  our judgment, shrubs merely increased  d e n s i t i e s  of spec i e s  t h a t  would 
have been on the  s i t e  even i n  t h e  absence of shrubs. Af t e r  adjustment ,  
t h e  number of ca t egor i e s  judged t o  rank i n  t h e  top  t h r e e  a s  a r e s u l t  of 
t h e  presence of cottonwood, willow, and honey mesquite was reduced t o  
seven (Table 13-5). S a l t  cedar Type I V  had t h r e e  t o t a l  faunal  
components among the  top  th ree ;  t hus  t h e  revegeta ted  a r e a  r e p r e s e n t s  an 
improvement of 713 o r  2.33. This  is  76% of t he  predic ted  va lue  of 3.08. 
The inc lus ion  of shrubs boosted the  observed t o  f i v e  t imes the  va lue  of 
SC I V  (Table 13-5). 

Values and means f o r  s eve ra l  av ian  components f o r  each season f o r  
s eve ra l  years  a r e  presented i n  Appendix 13-2. We divided the  mean va lue  
i n  s a l t  cedar  I V  h a b i t a t s  by t h e  va lue  f o r  t he  revegeta ted  s i t e .  Using 
t h i s  procedure we can see  p r e c i s e l y  what c a t e g o r i e s  were enhanced and 
during which seasons t h e  enhancements occurred on the  revegeta ted  a r e a  
(Table 13-6). The number of doves was much lower on t h e  revegeta ted  
s i t e  than t y p i c a l l y  found i n  s a l t  cedar  I V  h a b i t a t .  The number of 
spec i e s  of permanent r e s i d e n t  i n s e c t i v o r e s  on the  revegetated s i t e  w a s  
about equal  t o  the  number i n  s a l t  cedar  I V  h a b i t a t .  A l l  o the r  
components showed an increase  on the  revegeta ted  a rea .  

Our p red ic t ion  concerning w i l d l i f e  use i s  probably somewhat low because 
i n  our young s tand the re  a r e  very  few cavi ty-nes t ing  spec i e s  because of 
t h e  absence of dead t r e e s  o r  snags. As t h e  s tand  matures ,  dead snags 
w i l l  i nc rease  i n  number a s  w i l l  cav i ty-nes t ing  spec ies .  Also, had 
rodents  and coyotes been included the  a c t u a l  value would probably have 
exceeded the  predic ted  value. 

Test ing Fol iage  Density P red ic t ipns  

Using Equations 4 and 6 ,  t h e  predic ted  t o t a l  f o l i a g e  d e n s i t y  is  -0.02 + 
0.01(42 CW) + [0.16 + 0.006(24 HM)]0.44 = 0.31. Fol iage  dens i ty  i n  s a l t  
cedar  Type I V  averages about 0.65; t hus  we p r e d i c t  a reduct ion  i n  t o t a l  
f o l i a g e  dens i ty  of 0.65-0.3110.65 = 0.52(100) = 52%. The observed 
f o l i a g e  dens i ty  was 0.93(0.44) = 0.41, which r ep re sen t s  a reduct ion  of 
0.65 - 0.41/0.65 = 0.37(100) = 37%. Thus t h e r e  was an apparent e r r o r  i n  
e s t ima t ion  of about 15%. In  view of t h e  inhe ren t  inaccurac ies  i n  
measuring f o l i a g e  dens i ty ,  some e r r o r  i s  no t  over ly  d i s t u r b i n g  (Chapter 
2 ) .  Another point  worthy of mention is t h a t  our p r e d i c t i v e  equat ions  
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Table 13-6. Ratio resulting from the number of each category (listed on 
left) found on revegetation p1ot:number for salt cedar IV 
habitats. Ratios >1.0 indicate enhancement relative to 
salt cedar. 

Category 
Late 

Spring Summer summer Fall Winter Mean 

Total species 1.53 1.40 1.44 1.41 1.19 1.39 

Species of permanent 
resident insectivores 1.00 1.00 1.07 0.92 0.85 0.97 

Species of visiting 
insectivores 

Density of permanent 
resident insectivores 1.24 0.80 0.45 1.50 3.63 1.52 

Density of visiting 
insectivores 3.00 1.08 1.42 5.35 2.13 2.60 

Density of doves 0.44 0.34 0.31 -- -- 0.36 

Density of Gambel Quail 4.79 1.01 3.54 4.34 0.67 2.87 

Density of granivores 9.05 -- -- 9.00 49.00 22.35 

MEAN 2.85 1.01 1.45 3.41 8.40 4.20 
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a r e  f o r  mature s tands ;  t h e  t r e e s  on our r evege t a t i on  s i t e  a r e  only f o u r  
yea r s  old.  A t  p resen t  t h e  t r e e s  on t h e  r evege t a t i on  s i t e  have l eaves  a t  
low l e v e l s .  As t he  t r e e s  cont inue t o  grow, s u n l i g h t  t o  low l e v e l s  w i l l  
be blocked and limbs and l eaves  w i l l  become fewer. Fo l i age  d e n s i t y  a t  
<3 m w i l l  be reduced, thus decreasing t o t a l  f o l i a g e  d e n s i t y  a t  <3 m a s  - 
growth gradua l ly  a t t e n u a t e s .  

Using Equations 5 and 7 ,  p red ic ted  t o t a l  f o l i a g e  d e n s i t y  a t  1.5-3.0 m 
i s :  0.02 + [0.002(42)] + [0.08 + 0.004(24)]0.44 = 0.123. Fol iage  
d e n s i t y  a t  t h i s  l e v e l  i n  s a l t  cedar I V  h a b i t a t s  averages about 0.33; 
thus we p r e d i c t  a  r educ t ion  i n  f o l i a g e  d e n s i t y  of 0.33 - 0.1210.35 = 
0.64(100) = 64%. The observed f o l i a g e  d e n s i t y  of 0.42(0.44) = 0.18. 
The observed f o l i a g e  r educ t ion  would have been 0.33 - 0.1810.33 = 
0.45(100) = 45%. A t  1.5-3.0 m our p r e d i c t i o n  i s  h igh  by 19%. Our above 
comments r e l a t i v e  t o  f o l i a g e  dens i ty  apply here  a s  wel l .  

CONCLUSIONS AND RECOMMENDATIONS 

I n  a d d i t i o n  t o  t he  quan t i f i ed  d a t a  presented i n  t h i s  and o t h e r  chapters  
i n  t h i s  volume w e  have many notebooks f i l l e d  wi th  ancedota l  d a t a  
concerning w i l d l i f e  use of our revege ta ted  s i t e s .  It seems app rop r i a t e  
t o  very b r i e f l y  summarize some of t h i s  d a t a  a t  t h i s  po in t  i n  order  t o  
s t r eng then  conclusions drawn from t h e  q u a n t i f i a b l e  da t a .  

Rodent and Audubon c o t t o n t a i l  (Sylv i lagus  auduboni i )  popula t ions  became 
so h igh  on the  r evege t a t i on  s i t e  t h a t  they began t o  do seve re  damage t o  
t h e  planted vege ta t ion .  To r e l i e v e  t h i s  p ressure  40 l i n e  t r a p s  were s e t  
out  by our l a b o r e r s .  For 10 consecut ive n i g h t s  they caught and removed 
30-40 roden t s ,  inc lud ing  many co t ton  r a t s .  Five r a b b i t  t r a p s  caught 3-5 
r a b b i t s  every n igh t  f o r  t he  same per iod.  This  i n d i c a t e s  huge 
populat ions of t he se  spec ies .  

I n  s p i t e  of t he  heavy t rapping  by our l a b o r e r s  t o  remove rodents  
damaging t r e e s  we put  out  snap-trap g r i d s .  This  d a t a  i s ,  of course ,  of 
l i t t l e  value because of t he  massive removal e f f o r t .  Nonetheless ,  four  
snap-trap g r i d s  set out  i n  t h e  f a l l  averaged 11.2 rodents  per 270 t r a p  
n igh t s .  This i s  remarkable consider ing t h a t  i t  took p l ace  a f t e r  
i n t e n s i v e  removal over most of t he  summer. The c a t c h  averaged 6 cac tus  
mice, 4  pocket mice, and 1.2 Merriam kangaroo r a t s  per  270 t r a p  n igh t s .  

Rodent t rapping  on t h e  revege ta t ion  s i t e  which has been c l ea red  had 
enormous rodent popula t ions ,  including 28 cac tus  mice per  270 t r a p  
n i g h t s ,  by t he  f i r s t  f a l l  a f t e r  p l an t ing  (Anderson and Ohmart 1982). 
Catches i n  f a l l  1983 included 41 cac tus  mice per 270 t r a p  n i g h t s .  This  
exceeds t h e  average per 270 t r a p  n igh t s  f o r  a l l  h a b i t a t  types  (Anderson 
and Ohmart 1977). I n  f a l l  1982 t h e  ca t ch  included 31 cac tus  mice per 
270 t r a p  n igh t s .  Thus even though the  h a b i t a t  a n a l y s i s  revealed s a l t  
cedar  I1 t o  be t h e  pcefer red  h a b i t a t  of the  cac tus  mouse by managing f o r  
maximum w i l d l i f e  va lues  t o  t he  f u l l e s t  ex t en t  pos s ib l e  we were ab l e  t o  
c r e a t e  a  h a b i t a t  which supported a  sus t a ined  populat ion of cac tus  mice 
l a r g e r  than was found i n  almost a l l  r i p a r i a n  h a b i t a t s .  SC I V  averaged 
20 cac tus  mice per  270 t r a p  n igh t s  i n  f a l l  (Anderson and Ohmart 1977). 
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In  add i t i on  t o  rodents ,  b i r d  censusers  f r equen t ly  encountered l i v e  
coyotes and t h e  s c a t s  of coyotes and bobcats.  Skunks were abundant on 
the  dredge-spoil  s i t e .  Deer use  the  a r ea  r e g u l a r l y  and two bucks were 
taken t h e r e  during the  1983 dee r  hunting season. Deer p e l l e t s  and 
t r acks  a r e  f r equen t ly  seen. Deer shedding v e l v e t  rub t h e i r  a n t l e r s  on 
t r e e s  and can do cons iderable  damage t o  l imbs. We a l s o  have 
photographic evidence of t h i s  a s  we l l  a s  photographs of t he  d e e r ,  dee r  
t r a c k s ,  and deer  p e l l e t  groups. 

Rat t lesnakes (Crota lus  a t r o x )  a r e  a s  abundant on t h e  dredge-spoil  s i t e  
a s  any p lace  i n  the  lower Colorado River va l l ey .  High boots  must be 
worn and a  g r e a t  d e a l  of ca re  taken when working on t h e  s i t e  every day 
from mid-April through October. Gopher snakes (P i tuoph i s  melanoleucus) 
a r e  a l s o  abundant on the  r evege ta t ion  s i t e .  A t o t a l  of 16 s p e c i e s  of 
r e p t i l e s  were observed on the  r evege ta t ion  s i t e  i n  1980. A d i scuss ion  
of l i z a r d  numbers i s  found i n  Anderson and Ohmart (1982).  

We have shown t h a t  i t  is  poss ib l e  t o  c l e a r  dense s t ands  of s a l t  cedar  
and t o  rep lace  these  s t ands  wi th  smal le r  amounts of n a t i v e  vege ta t ion  
t h a t  w i l l  a t t r a c t  more w i l d l i f e  and s t i l l  a l low a s i g n i f i c a n t  o v e r a l l  
n e t  reduct ion i n  f o l i a g e  dens i ty .  This reduct ion  may lead  t o  sa lvage  of 
ground water and would a l s o  reduce the  damming e f f e c t  t h a t  dense 
vegeta t ion  has on passage of f lood  waters .  Our p r e d i c t i v e  e q u a t i o n s ,  
have been developed on t h e  b a s i s  of a very l a r g e  d a t a  base and have been 
proven t o  have high p r e d i c t i v e  c a p a b i l i t i e s  through tests of f i e l d  d a t a  
from an experimental p l o t .  

E a r l i e r  i n  t h i s  r epo r t  ( s e e  Chapter 5)  we showed t h a t  shrubs and f o l i a g e  
d i v e r s i t y  i n  the  h o r i z o n t a l  plane a r e  important t o  a t t r a c t i n g  w i l d l i f e .  
We would recommend p l an t ing  a  pa tch  of about 2  o r  3  ha (5 o r  7.5 a )  of 
shrubs f o r  every 20 ha of vege ta t ion  t o  be planted.  This  would inc rease  
both v e r t i c a l  and h o r i z o n t a l  f o l i a g e  d i v e r s i t y  and would a t t r a c t  c e r t a i n  
w i l d l i f e  spec ies .  It would probably a l s o  lead  t o  a  mature s tand  
cons i s t i ng  of l e s s  t o t a l  f o l i a g e  dens i ty  than i f  only t r e e s  were 
planted. 

We a l s o  recommend t h a t  honey mesquite and cottonwood-willow t r e e s  be 
planted i n  patches of about 1  o r  2 ha r a t h e r  than a l t e r n a t i n g  ind iv idua l  
cottonwood-willow and honey mesquite t r e e s .  This would a l s o  inc rease  
patchiness  a t  a  s c a l e  a t  which b i r d s  seem t o  respond. We a l s o  recommend 
t h a t  revegeta t ion  e f f o r t s  be i n i t i a t e d  only on p l o t s  of 20 a c r e s  o r  
more. Accurate p red ic t ions  of t he  outcome a r e  not  p o s s i b l e  on smaller  
p l o t s .  Also w i l d l i f e  enhancement can be expected t o  be l e s s  on smal le r  
p l o t s  (Ambuel and Temple 1983). 

The r a t e  a t  which a  revegetated a r e a  develops i s  a  very  important  
f e a t u r e  of revegeta t ion  p ro j ec t s .  Done proper ly ,  revegeta ted  a r e a s  can 
be expected t o  develop a t  an a s ton i sh ing ly  rap id  r a t e .  But what 
c o n s t i t u t e s  "proper" procedure? We have summarized t h e s e  s t e p s  
elsewhere (Anderson and Ohmart 1982),  but  i t  seems worthwhile t o  
emphasize here  t h a t  a  c a r e f u l  s o i l  s a l i n i t y  a n a l y s i s  p r i o r  t o  p l an t ing  
anything i s  of profound importance. Such an a n a l y s i s  a l lows wise 
dec i s ions  t o  be made concerning what spec ies  of vege ta t ion  t o  p l a n t  and 
where t o  p lan t  them on t h e  s i t e .  Fa i lu re  t o  conduct t h i s  c r u c i a l  
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p r e l i m i n a r y  s t e p  w i l l  l e a d  i n e x o r a b l y  from modera te ly  h i g h  t o  v e r y  h i g h  
m o r t a l i t y  r a t e s ,  slow growth r a t e s ,  and low w i l d l i f e  u s e  v a l u e s .  

Why, we have asked ,  do well-meaning i n d i v i d u a l s  omit  t h i s  c r i t i c a l  s t e p ?  
The most f r e q u e n t l y  g i v e n  reason  i s  t h a t  money was i n  s h o r t  s u p p l y ,  and 
f o r  t h i s  r eason  s t e p s  had t o  be omi t t ed .  Inc lud ing  a s o i l  a n a l y s i s  
would have r a i s e d  t h e  c o s t  pe r  t r e e  t o  such a h i g h  l e v e l  t h a t  t h e  
p r o j e c t  could n o t  have been under taken.  I n  r e a l i t y  t h e  o p p o s i t e  i s  
t r u e .  It c o s t s  a s  much t o  p l a n t  a t r e e  t h a t  d i e s  a s  i t  does  t o  p l a n t  
one t h a t  s u r v i v e s ,  t h u s ,  haphazard p l a n t i n g  i n c r e a s e s  t h e  c o s t  p e r  
s u r v i v o r .  

We have a l s o  shown t h a t  v a l u e  t o  w i l d l i f e  ( a t  l e a s t  f o r  b i r d s ,  r o d e n t s ,  
c o y o t e s ,  and i n s e c t s )  i s  a lmos t  a s t r a i g h t - l i n e  r e l a t i o n s h i p  w i t h  t h e  
number of t r e e s  which s u r v i v e  (Anderson and Ohmart unpubl. d a t a ;  Table  
13-2, e q u a t i o n  3 t h i s  c h a p t e r ) .  There fore  w i l d l i f e  use  where s o i l  
f a c t o r s  a r e  s t u d i e d  w i l l  pay o f f  i n  terms of i n c r e a s e d  t r e e  s u r v i v a l  and - 
i n c r e a s e d  b e n e f i t  t o  w i l d l i f e .  Also,  t h e r e  i s  a n o t h e r  impor tan t  
c o n s i d e r a t i o n .  When t r e e s  a r e  p l a n t e d  i n  an a r e a  s o  u n s u i t a b l e  t h a t  
one- thi rd  of t h e  t r e e s  d i e ,  it means t h a t  t h e r e  w i l l  be a s low average  
growth r a t e  of t h e  s u r v i v o r s .  Thus a t  t h e  end of two y e a r s  n o t  o n l y  
w i l l  one- thi rd  of t h e  t r e e s  be dead,  b u t  t h o s e  s t i l l  l i v i n g  w i l l  be 
s t u n t e d ;  i n  o t h e r  words t h e  a r e a  w i l l  n o t  be much b e t t e r  t h a n  b a r e  s o i l  
i n  i t s  v a l u e  t o  w i l d l i f e .  Perhaps i n  10 o r  20 y e a r s  t h i s  a r e a  may 
become a h a b i t a t  of modest w i l d l i f e  v a l u e ,  b u t  t h e  road t o  t h a t  s t a g e  
w i l l  be punctuated w i t h  low w i l d l i f e  use .  

Aside from s o i l  s a l i n i t y  a n a l y s e s ,  t i l l a g e  t o  an  adequa te  d e p t h  and 
p r e v e n t i n g  i n v a s i o n  by weed c o m p e t i t o r s  a r e  a d d i t i o n a l  keys  t o  success .  
Some may a rgue  t h a t  assuming one- th i rd  m o r t a l i t y  r a t e  wi thou t  a 
p r e l i m i n a r y  s o i l  f a c t o r  a n a l y s i s  i s  unreasonably  high.  I n  r e a l i t y  such 
a n  e s t i m a t e  may be somewhat above average.  According t o  d a t a  we have on 
f i l e ,  f a i l u r e  t o  do a p r e l i m i n a r y  s o i l  f a c t o r  s t u d y  could  be expec ted  t o  
add about 25% m o r t a l i t y  on t h e  average.  Ra tes  a r e  lowest  f o r  b l u e  p a l o  
v e r d e  (7+8%), followed by honey mesqu i te  (11+5%), wi l low (37+28%) and 
c o t t o n w o ~ d  (32+30%). With i n a p p r o p r i a t e  t i l i a g e  ( e  .g.,  halfway t o  
permanently w e t  s o i l ) ,  it i s  reasonab le  t o  expec t  ano ther  10% m o r t a l i t y .  
I f  compet i t ion  from weeds i s  allowed t o  develop,  i t  i s  reasonab le  t o  add 
a n o t h e r  10-15% m o r t a l i t y  (Anderson and Ohmart unpubl.  d a t a ) .  

However, consequences o t h e r  t h a n  m o r t a l i t y  a r e  a s s o c i a t e d  w i t h  
i n a p p r o p r i a t e  procedures .  When m o r t a l i t y  of 10% i s  a s s o c i a t e d  w i t h  
honey mesqui te  and cottonwood-willow, i t  means t h a t  growth r a t e s  a r e  s o  
s low t h a t  biomass (=  f o l i a g e  d e n s i t y )  i s  reduced by about  50% (Anderson 
and Ohmart unpubl. d a t a ) .  W i l d l i f e  u s e  of such an a r e a  can be deduced 
by us ing  Equat ion 2. 

Assume t h a t  a h y p o t h e t i c a l  p r o j e c t  involved c l e a r i n g  40 ha  of s a l t  c e d a r  
I V  h a b i t a t .  Twenty percen t  of t h e  a r e a  was t o  be p l a n t e d  w i t h  a r a t i o  
of 30 honey mesquite:30 cottonwood-willow. The p r e d i c t e d  w i l d l i f e  v a l u e  
would be 1.5 t imes  t h a t  of t h e  s a l t  c e d a r  I V  h a b i t a t .  But because 
i n a p p r o p r i a t e  p l a n t i n g  procedures  were fol lowed,  t h e  p l a n t i n g  must be 
c o n s i d e r e d  t o  be o n l y  15 cottonwood-willow:15 honey mesqui te .  The 
r e s u l t i n g  h a b i t a t  would n o t  be a s  good a s  t h e  s a l t  cedar  i t  was t o  
r e p l a c e .  
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Proper procedures g ive  r evege ta t ion  e f f o r t s  t h e  p r e d i c t a b i l i t y  of 
success  necessary f o r  an e f f e c t i v e  management t oo l .  Without being ab le  
t o  p r e d i c t  p lan t  growth and s u r v i v a l ,  w i l d l i f e  use cannot be predic ted .  
This  would confine revegeta t ion  e f f o r t s  t o  ba re  a reas .  P r o j e c t s  
involving c l ea r ing  could not  be done. 

Since t h i s  volume was prepared s e v e r a l  papers  from it have been 
published. In  an e f f o r t  t o  make the  volume a s  cu r r en t  a s  poss ib l e  we 
have included the  t i t l e s  of t hese  papers a s  wel l  a s  t i t l e s  of o t h e r  
papers which have r e s u l t e d  from "vegeta t ion  management" s tud ie s .  
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Appendix 13-2. (cont.) 

WINTER 

Variable 
1975- 1976- 1977- 1978- 1979- 1980- Standard 
1976 1977 1978 1979 1980 1981 Mean deviation 

Total species 

Species of permanent resident 
insectivores 

Species of visiting insectivores 

Density of permanent resident 
insectivores 

Density of visiting insectivores 

Density of doves 

Density of Gambel Quail 

Density of granivores 

Density of frugivores 
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